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@) Gene detection method. 



@ A single stranded nudelo add probe having a base sequence complementary to the gene to be 
detected ts Immobilized onto the surface of an electrode or the tip of an optical fiber, and the nucleic 
probe is reacted with the gene sample denatured to a single stranded form, and then the nudefc sdd 
probe hybridized with the gene is detected. In this procedure, to the reaction system consisting of the 
nucleic acid probe and the gene sample, a double stranded nucleic acid recognizing substance capable 
of binding specfceJIy to the double stranded nucleic acid and being active etectfochemtcafry or 
optfcaly b added. The detection of me nucleic acid probe Is conducted by electrochemical or optical 
determination utttzing the electrode or optical fiber mentioned above. By this method, safer and more 
convenient detection of the gene Is possible at a higher sensitivity even in a reduced time period. 
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This invention relates to a novel gena detection method to detect a certain gene specfficalty and a device 
for such detection. 

A genetic Information stored in DNA is expressed as a protein or en enzyme through mRNA. By the effects 
of such protein or enzyme, various compounds necessary to maintain the vital actions are blosynthesized end 
5 metabolized Thus a life b present as a dynamic equilibrium system of various substances controlled by genes. 
There are 50 to100 thousands of human genes. When some of them Involve abnormality or change, such 
as defect or duplication, the characteristics, types and amounts of the proteins synthesized are changed, result- 
ing In the poorly balanced blosystem, which may cause diseases. Thus, by detecting known pathogenic genes, 
the diseases may be Identified or prevented. Such diagnosis based on the genes themselves has been 
10 developed as a results of the recently advancing technology of gene engineering, and la called as gene diag- 
nosis. 

When compared wHh conventional diagnostic methods, the gene diagnosis has characteristics as men- 
tioned below. 

Considering the mechanisms of gene expression, it can be presumed that changes in genes occur prior 

is to almost all biochemical changes. Therefore, gene diagnosis by means of detecting the genetic change 
enables the diagnosis or prognosis prior to development of a disease which b one of phenotypea Accordingly, 
the dlgnosis and prognosis can be conducted before the development. In the latent period or at the earliest 
stage of the disease. This Is the primary characteristic. As the secondary characteristic, gene diagnosis relating 
to the genetic diseases Is Independent from the organs or tissues to be analyzed since aD genes In a living 

20 body are the same. Thta ts particularly Important In the diagnosis In fetus. Thus, this secondary characteristic 
enables the diagnosis simply by sampling amniotic fluid from a pregnant woman and analyzing the fetal cells 
suspending in the amniotic fluid. 

Procedure of gena diagnosis conventionally employed is summarized as follows. 

Genes are extracted from a samples and cleaved, if necessary, by appropriate restriction enzymes, and 

28 then subjected to electrophoresis and southern blotting. Then a nucleic acid probe (usually radlola belled) hav- 
ing the base sequence complementary to the gene to be detected Is hybridized to the blotted gene. Subse- 
quently, the hybridized nucleic acid probe is detected by exposing an X-ray film to the radiation emitted from 
the labeled probe at lower temperature to confirm the presence of the gene. 

The conventional detection method mentioned above involves the limitation of the place of diagnosis due 

so to the use of radioisotopes and should be conducted wtth sufficient care of handling reagents. For the purpose 
of reducing such Inconvenience, safe labeling agents substituting the radioisotopes are being developed and 
several detection methods, In which probes am utilized, such as avidln-btottn bond method or enzymatic or 
fluorescent method and the tike have already been suggested. However, these methods can not achieve the 
sensitivity superior to that of the method using radioisotopes. They also Involve me problems of the time period 

% required to detecting the gene as long as 2 or 3 days as weH as complicated procedure of extermination. 

On the other hand, quantification of a certain antigen or antibody present In a sample generally employs 
radioimmunoassay (RIA). However, RIA requires special instruments and authorized operators therefor cap- 
able of handling radioisotopes since this method also employs radioisotopes slmBarty as In the gene diagnosis 
methods mentioned above. In addition, waste disposal in this method should be done wHh particular care. As 

40 one of the other analytic methods, Irnmunoetectrophoresls, which requires a long period for determination and 
has a poor sensitivity, can be suggested, although this method la not applicable In case of the samples con- 
taining only trace amount of test substance. 

An objective of the present Invention is to provide a method which is excellent In safety and convenience 
and is capable of detecting a certain gene at a high sensitivity In a reduced time period. 

45 Accordingly, the gene detection method of the present Invention is the method wherein a single stranded 
nudetcacJd probe having a base sequence complementary to the gene to be detected Is reacted wtth a gene 
sample denatured Into a single stranded form and then the nucleic acid probe hybridized with the gene is detec- 
ted to confirm the presence of the gene, characterized m that 

the nucleic acid probe b immobfllzed onto a carrier sensitive to a physical change; 

« a double stranded nucleic acid recognizing substance capable of binding specifically to a double stranded 
nudelo add and being active physlcochemlcally is added to the reaction system of the nucleic acid probe and 
the gens sample; and, 

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic add formed 
by conjugation of the nudelc acid probe and the gene to be detected is detected by means of physicochemlcaJ 
6$ determination using the carrier, whereby detecting the presence of the nudelc acid probe hybridized wtth the 
gene to be detected. 

Another object of the present Invention b to provide a gene detection device which te excellent In safety 
and convenience and b capable of detecting a certain gene at a high sensitivity In a reduced time period. 
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Accordingly, the gene detection device of the present Invention is the device comprising: 
a gene detection sensor having a nucleic acid probe immobilized onto the surface of a carrier sensitive to 
a physical change: 

a transportation means to transport the gene detection sensor, 
6 a reaction bath to store a sample solution containing the gene sample denatured Into a single stranded 
form, a double stranded nucleic add being formed In said reaction bath on the gene sensor by hybridization 
of the gene sample and the nucleic acid probe hrtmobUfced on the surface of the gene sensor, 
a temperature control means to control the temperature of the sample solution; 
a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of the 
io nucleic acid probe wtth the gene sample; and 

a detection bath to store a double stranded nucleic acid recognizing substance, the double stranded nucleic 
acid recognizing substance being reacted wtth the double stranded nucleic acid formed on the surface of the 
gene sensor In said detection bath, whereby binding the double stranded nucleic acid recognizing substance 
with the double stranded nucleic add In order to detect a physical change generated by the bound double stran- 
15 ded nucleic add recognizing substance. 

This Invention can be more fully understood from the following detaled description when taken in conjunc- 
tion with the accompanying drawings, in which: 

Fig. 1 shows a diagram schematically representing an example of the automatic gene detection device 
according to the present invention. 
20 Fig. 2 shows a perspective view of another embodiment of the reaction bath and a gene sample purification 
device of the present automate gene detection device shown In Fig. 1. 

Fig. 3 shows a perspective view of an example of the temperature controller in the present automatic gene 
detection device shown In Fig* 1. 

Fig. 4 shows a diagram schematically representing an example of the present automatic gene detection 
25 device uttlzlng dectFOChemQuminescene. 

tn the present Invention, the term 'double stranded nucleic acid recognizing substance 11 means a substance 
which recognizee and binds specfflcaUy to a double stranded nucleic acid. Such substances are, for example, 
intercalating agents and bioporymers capable of recognizing double stranded nucleic acid. 

The Intercalating agents are characterized by their tendency to intercalate specifically to double stranded 
30 nucleic acid such as double stranded DMA. These intercalating agents have In their molecules a flat tntercalat- 
tng group such as phenyl group, which Intercalates between the base pake of the double stranded nucleic add, 
whereby binding to the double stranded nucleic add. Most of the Intercalating agents are optlcajly active and 
some of them are used in qualification of nudelc adds. Certain Intercalating agents exhibit electrode response. 
Therefore, determination of physical change, especially optical or electrochemical change, may serve to detect 
35 the intercalating egents bound to a double stranded nudelc acid. 

ElectrochemlcaBy or optically active Intercalating agents useful In the present Invention are. but are not 
limited to, ethWIum, ethtdium bromide, acrid Ine, aminoacridtne, acridlns orange, proflavin, eBiptidne, actirtomy- 
dn D, daunomydn, mltomydn C and the like. Other intercalating agents which are useful are those listed In 
Published Japanese Patent Application No. 62-262599. 
40 In addition to the imercalating agents which are reveretbty reacted themselves during csWatiorHeduction 
readlon as listed above, the determination of electrochemical change using an electrode may employ a metai 
complex containing asa center metal a substance capable of undergoing electrically reversible oxldattorweduc- 
tion reaction, namely, a metatto tntercalater. Such metalto intercatateis Indude for example tris (phenanthrdine) 
zinc salt, trie (phenanthrdine) ruthenium salt, tris (phenanthrdine) cobalt salt dl (phenmrdlne) zinc salt, dl 
45 (phenanthrdine) ruthenium salt di (phenanthroilne) cobart salt, btpyrfdlne cobalt salt terpyrWIna platinum salt, 
prwnanthrdhe platinum salt, tris (blpyridyl) zinc salt, tris (blpyrWyl) ruthenium salt, tris (Wpyridyl) cobalt salt, 
dl (Wpyridyt) zinc salt, dl (bipyridyQ ruthenium salt dl (blpyridyi) cobalt salt and the like. Although the intercalat- 
ing agents are not limited to those listed above, the complexes which or whose center metals have oxidation- 
reduction potentials not lower than or covered by that of nudeic adds are less preferable. 
50 By using the Intercalating agents capable of undergoing electrochemtcally reversible oxWattorn-eductlon 
reaction, It Is possible to determine the axtotion-reduction current repetitively. Accordingly, It is possible to con- 
dud potential scanning several to several hundreds times and to sum up the values of the signals obtained, 
whereby enabling the amplification of the signals, resulting In a higher sensitivity of the detection. 

When conducting the detection of the gene using an electrode, an Intercalating agent exhibiting 
« dectrocrtemOurnlneaoence may also be employed. Such intercalating agents are, but are not llmted to, for 
example, lurnlnd, luclgentn, pyrene, dlphenylanthracene and rubrenB. The dedrochemBumtnescene of the 
intercalating agents listed above may be enhanced by the enhancers such as kidferin derivatives such as firefly 
toctferin and dihydrotucferin, phends such as phenyl phend and chtorophend as well as nephthote. 
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Optical signals generated by the elactrrchentiumlnescence may directly be detected from the solution 
using, tor example, photooounter. Alternatively, an optical fiber electrode produced by forming a transparent 
electrode at the tip of an optical fiber may also be used to detect the signal Indirectly. 

Since the electrode reaction or change In optical signal occur exclusively on the surface of the carrier, the 
0 detection can be conducted quite easily without removing unreached probe or unreacted Intercalating agent 
In the present invention, reaction of nucteto add probe and the single stranded gene sample Is generally 
conducted In a solution. Such reaction may be conducted In the presence of the Intercalating agents listed 
above or the Intercalating agents may be added after completion of the reaction. 

As mentioned above, since moat of the intercalating agents have themselves the optical activity or can 
io exhibit the electrode response, direct determination is possible by means of optical or electrochemical pro- 
cedure. When these intercalating agents are further bound with the substances which generate signals capable 
of being detected directly or Indirectly, higher detection sensitivity can be obtained by determining the signals 
combined with the singles from the Intercalating agents. 

These substances which generate signals capable of being detected directly or Indirectly Include, for 
is example, haptens such as bbtin, trinitrobenzene sulfonic add and dinftrobenzene sulfonic add, fluorescent 
substances such as fluorescein IsouYiocyanate (FITC), phycocyanin and rhodamlne, himinescerit substances 
such as luminal, tudgenln and acrfctium ester derivatives as well as electrode active substances such as fer- 
rocene and vfdogsn. When using the substance, from which the signal can not directly being detected, such 
as the haptens listed above, enzyrne4abefled antt-hapten antibodies such as enzyme4abelled avidin are used 
20 to determine the optical parameters such as absorbs nee. fluorescene, lumlnesoene, quenching, circular dlc- 
hrolsm and fluorescene polarization or, electrode activity is determined, whereby indirectly detecting the gene. 

Although one molecule of these substances are usually bound to one molecule of a intercalating agent 
several molecules of these substance may be bound to one molecule of the Intercalating agent, whereby 
enhancing the sensitivity. 

25 On the other hand, soma bbpolymers recognize and bind specifically to a double stranded nucleic acid. 
Accordingly, by labeling these btopotymers or the substances recognizing them with enzyme, fluorescent or 
luminescent substance and determining the electrochemical or optical change caused by the label to know the 
presence of the biopotymers, the detection of the double stranded nudeic add may be possible. 

Such biopolymers Include, but are not limited to, DNA-bindlng proteins such as anti-DNA antibody, Crop- 

x rotetrt, d repressor, E. oofl CRP (cAMP receptor protein) and lactose operon repressor and enzymes such as 
RNase H without catalyst activity. The biopotymers mentioned above may be derived from living bodies or may 
be synthesized. 

Enzymes as labels to be bound to the btopotymers mentioned above are, but are not limited to, alkaline 
phosphatase, peroxidase, beta-g^tlactosidase and glucose oxidase. 
ss When detecting the electrochemical change using the biopdymers mentioned above, NADH In NAD- 
+/NADH cyde and qulnone In catechd/qulnone cycle may be used. Thus, NADH or quinone formed by enzyme 
bound to a bfopdymer may be oxidized or reduced by an electrode and the dectrochemtcal change may be 
determined. Other substances involved in such electrochemical oxidation-reduction reaction may also be 
employed 

40 When detecting the optical change using the biopdymers mentioned above, an enzyme fa bound to a 
btoporymer and a chemical luminescent substrate la used to conduct enzymatic reaction, or a fluorescent sub- 
stance Is bound to a btopotymer and the lumlnescene Is directly detected. Chemical luminescent substrates 
useful tn the present Invention may be, but are not limited to, tumtnd, tsdumind, Isolumind derivatives and 
acrkflnlum derivatives. When using the chemical luminescent substrates, enhancers can be used to enhance 

* the chemteaJ luminescence. Such enhancers may be, but are not limited to, tucUertn derivatives such as firefly 
fudfertn end dehydrohictfertn. phenols such aa phenyl phenol and cWorophend as weB as naphthoic Fluores- 
cent substances useful In the present invention may be, but are not limited to, fluorescein, rhodamlne and 
phycocyanin. 

The amount of the double stranded nudeic add recognizing substance to be added is not particularly spec*- 
so fled, although the amounts suffident to bind all double strands formed are preferable in view of the efficiency. 
When added in an excess amount, the double stranded nudeic add recognizing substance remaining unreac- 
ted are washed off prior to the determination. 

When the amount of the double stranded nudeic add recognizing substance edded Is small and the con- 
centration of It Is low, only small amount of the unreacted recognizing substance remains in the system after 
55 the recognizing substance has bound to the double stranded nudeic add formed. Thus, the double stranded 
nucleic add recognizing substance Is relatively concentrated on the carrier, tn such state, the gene can be 
detected without washing off the sample DMA which has not reacted wtth the nudeic add probe or free double 
stranded nudeic add recognizing substance which has not bound to the double stranded nudeic add formed. 
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whembyertsbflngtheconfonio^ 
system. 

In the present Invention, by varying the nucleic acid probe employed, various types of genes can be detec- 
ted Nudeic add probes useful are such probes that have the base sequences complementary to entire or a 

5 part of base sequence of any of microorganisms contained In foods, plant viruses or virokfe, pathogenic micro- 
organisms or viruses infecting fishes, pathogenic microorganism b or viruses infecting human and causing Infec- 
tious diseases, genes causing genetic diseases, activated proto-oncogenes and mlnlsatelllte sequence. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a microorganism contained In a food, the microorganism contained in the food can 

io directly be detected, thus enabling the food sanitary Inspection. Such microorganisms contained In foods are, 
for example, pathogenic Escherichia con, Staphylococcus as well as Salmonella. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a plant virus or vtold, the plant virus or vkold with which plants are Infected can be 
detected, thus enabling the infection diagnosis In agricultural fields. Examples of such plant viruses or vtroids 

f o Include tabacco mosaic virus and cauliflower mosaic virus. 

When using as a nucleic add probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a pathogenic microorganism or virus infecting fishes, the pathogenic microorganism 
or virus wfth which fishes are infected can be detected, thus enabling the Infection diagnosis in fishery field. 
Examples of such pathogenic microorganisms or viruses infecting fishes are pathogenic vibrio. 

20 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a pathogenic microorganism or virus Infecting human and causing Infectious diseases, 
It Is possible to conduct the Infection diagnosis. Such pathogenic microorganisms infecting human and causing 
Infectious diseases are, for example, pathogenic Streptococcus, Mycoplasma, Clostridium, Chlamydia, Sal- 
mon ella, herpes simplex and cytomegalovirus. 

28 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a gene causing a genetic disease, direct assay of the genetic disease is possible. Such 
genes causing genetic diseases are, for example, the genes causing adenosine deaminase deficiency and 
drepanocythemta. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
so of the base sequence of an activated ptoto-cmcogene, It is possible to conduct the cancer diagnosis. Such acti- 
vated protoKmcogenes ere, for example, oncogenes listed In 'Oncogene data book* (Ml Shfbuya, Pub. by Shu- 
Jun-Sha). 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a mlnlsatetHte sequence, DMA finger print method useful for genetic studies, individual 

99 Identification and parentage teat can be conducted. Such mmlsatet lite sequences are, for example, Myo sequ- 
ence, Alu sequence, Per-6 sequence and Per sequence. 

Although the length of a nucleic acid probe used In the present invention Is not particularly specified and 
single stranded nucleic acids consisting of several to hundreds monomers may be employed, the lengths con- 
sisting of more than ten and less than a hundred monomers are preferable In order to increase S/N ratio and 

40 to obtain higher sensitivity In view of the fact describe below. 

As steady mentioned, a double stranded nucleic acid recognizing substance Is such a substance that rec- 
ognizes and blnde specifically to a double stranded nucleic acid. However, the double stranded nucleic acid 
recognizing substance may bind to a single stranded nucleic acid In rare cases. Thus, It may bind to an unreac- 
tsd nucleic add probe Inwrtobflteed on a carrier. When it binds in such a manner, S/N ratio is reduced, resulting 

48 In a poor detection accuracy. Accordingly, It is preferable to minimize the length of the nucleic add probe as 
far as the detection of the Intended gene Is possible. 

The detection of genes can also be done by labeling the nucleic add probe in addition to using the double 
stranded nudeic acid recognizing substance mentioned above. In such cases, the labels to be used to label 
the nudeic acid probe may be any substance provided that it reacts directly or indirectly or causes some Interao- 

bo tlon win the double stranded nudeic add recognizing substance and then a detectable signal Is generated from 
either the double stranded nucleic add recognizing substance or the label. In other word, an useful label gives 
a signal which is nd generated when the nudeic add la sffil present as a single strand end which is, once the 
probe reacts with the intended gene to form a double strand to which then the double stranded nudeic acid 
recognizing substance binds, then generated for the first time. The detection of gene Is conducted by detor- 

55 mining the signal generated by the reaction between the label and the double stranded nucleic acid recognizing 
substance. Such labels for the nucleic add probe may be varied depending on the double stranded nucleic 
acid recognizing substance employed and may be, for example, fluorescent substances such as mod amine 
end FITC, luminescent substances such as lumlnot and ecrtdintum ester derivatives as well as enzymes and 
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enzyme substrates. The doubts stranded nudete acid recognizing substances may not be particularly specified 
and any of the substances listed above may be employed. 

In the present Invention, a nucleic acid probe Is Immobaized onto a carrier sensWwe to a physical change 
as mentioned above. Although an electrode or optical fiber la preferably employed as the carrier for snmo blitzing 
5 the nucleic add probe, other carrier such as photodtode, thermistor, ISFET, MOSFET, piezo elements, surface 
acoustic wave elements, quartz oscillator may also be employed. 

The electrodes employed In the present Invention may be, but are not limited to, carbon electrodes such 
as graphite, glassy carbon, pyrolyuc graphite, carbon paste and carbon fiber, noble metal electrodes such as 
platinum, platinum black, gdd, palladium and rhodium, oxide electrodes such as titanium oxide, tin oxide, man- 
to ganese oxide and lead oxide, aemloonductor electrodes such as SI, Ge, ZnO, CdS, TOj and GaAs. aa well as 
titanium. These electrodes may also be covered wKh conductive polymers to enhance the stability of the elec- 
trodes immobilized with probes. Monomolecular films may also be employed to cover the electrodes. 

The nudeicadd probes may be Immoblized onto the surfaces of the carriers such as electrodes and optical 
fibers by means of covalent bond, ionic bond and physical adsorption. 
is The examples of the procedure for the tmmobfltzation by means of covalent bond are the method In which 
the surface of the carrier Is activated and then the nudeic acid probe is Immobitzed directly or indirectly through 
crosslink* rtg agent and the method in which an active functional group Is Introduced into the nudeic add probe 
to be Immobfltzed onto the carrier followed by direct or indirect Immobilization. The activation of the carrier sur- 
face may be conducted by electrolytic oxidation In the presence of oxidizing agent or by air oxidation or reagent 
20 oxidation, eswelasby covering with « film. Useful crossBnklng agents may be, but are not limited to, sHane 
couplers such as cyanogen bromide and ganvna-aminopropyl triethoxy silane, canbodilmide and thlonyt 
chloride and the fike. Useful functional groups to be Introduced to the nucleic acid probe may be, but are not 
limited to, amino group, carboxyt group, hydroxy! group, carbonyt group, phosphate group, aldehyde group and 
mercapto group. Other highly reactive functional groups may also be employed. 
25 Once the surface of the carrier Is oxidized for activation, an oxidized layer is formed on the surface. The 
nudeic add probe binds to the substrate via this oxidized layer. By forming a thinner oxidized layer, S/N ration 
of detecting the gene la improved. The thickness of the oxidized layer is preferably not more than 500 A. more 
preferabty not more than 100 A. 

Introduction of the functional group Into the terminal of the nucleic acid can be conducted by means of 
so enzymatic reaction or by using DNA synthesizer. The enzymes useful In the enzymatic reaction may be, for 
example, terminal deoxymideoHdyl transferase, poty A polymerase, pctymideotide kinase, DNA polymerase, 
pofynudeotWe adenyryitransferase and RNA Hgase. Polymerase chain reaction method (PCR method), nick 
translation method and random primer method may also be employed to introduce the functional group. 
The functional group may be introduced to any part of the nudeic acid, such as 3' or 5' terminal, as weB 
35 as a site randomly selected. 

The nudeic add probe wfth the functional group Introduced may be lmrnobfltzed aa It Is onto the carrier by 
snmobllizatton reaction. However, the amino acid originally comprised In the nudeic add may sometimes serve 
as a functional group instead of the functional group Introduced, since the nucleic add probe Is a single strand. 
Thus the amino add origlnasy comprised In the nudeic add Is used for bnmoblltzatton of the probe to the carrier, 
40 which affects the sensitivity. 

The immobilization via the amino acid originally comprised In the nudeic add probe may be prevented by, 
for example, the method as follows. First, the nudeic acid probe to which the functional group has been Intro- 
duced la annealed with the DNAchain having the base sequence complementary to the probe to obtain a double 
strand. Then the functional group introduced Is used to Immobilize the double stranded nucleic acid to the car- 
45 rter. Subsequently, thermal denaturatton Is conducted to form a single strand, whereby removing the DNA chain 
to which the functional group has not been introduced. The temperature during the thermal denaturation may 
usually be maintained from 90 to 88°C. 

When the carrier to be used for trnrnobBteation of the nucleic acid probe is an electrode, the nudeic add 
probe can be immobaized easly at a higher efficiency by ufiBzIng physical adsorption. The physical adsorption 
so of the nudeic add probe onto the electrode suifsce can be oonduded, for example, as follows. First the elec- 
trode surface is washed with distilled water and afcohd using ultrasonic cleaner. Then the electrode is placed 
In the phosphate buffer (pM 7.0) containing the nudeic add probe to adsorb the probe onto the surface of the 
substrate. During this procedure, potential of 0 to +1 .0 V, preferably 0 to +0.1 V is applied to the electrode to 
accelerate the adsorption. Then the electrode having the nudeic acid adsorbed is placed In the solution con- 
« talnlng nudeotidea (ATP, CTP, OTP, TTP, dATP, dCTP, dGTP, dTTP and the like), end the electrode surface 
Is coated with the nudeotldes preferably whle applying the potential of 0 to 1 .OV. By this treatment, non-epecffic 
adsorption of the sample nudeic acid or double stranded nudeic add recognizing recognizing substance to 
the electrode surface can be prevented. Non-epecffic adsorption may also be prevented by using surfactants. 
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ding method known as «pio«Klu« to 

kwentfon mav be, but are not limited to, poryvlrr/ichloride end potyacyyternlde. 

for example, conductive pdymers such as pd^cethylene, pdypyrrde. polythtophene 
m pc3ene, pdypropylene. pofy (vlnyteMortde), poly (vinyl alcohol), poly (melhylmethacfylate). poly CvV 
%£^L^F^Z> ^ «pid membrane. Monomolecular layer such aa LB membrane and a multiple 
layer consisting of two or more monomolecular layers may also be employed. 

ImmoMtzaUon of the nucleic add to the fBm or the membrane may be conducted In the manner similar to 
that used fcrtr^lmmobnizatkm onto the surface of the carrier. .... - tn _ 

When the nucleic acid probe to Immobilzed to the 6m or the membrane by 
tional group rmryt>elrrtroc^ 

Group, auiteble to be introduced into the film or the membrane may be same to those Introduced Into toe nuctete 
add probe. By mtrodudng me functional group Into the film or the rnernbrane followed by reading the nudelc 
acid probe to effect the Immobllfeaton, the probe can be Immobilized at a higher density ar^mom stably 
irmrcbilized carrier wfth nudeic edd probe can be obtained when compared to the immobilization by irrtrodudng 
the functional group Into the nudelc add probe. . 
When the carrierto which the nudeteacW probe to tmnwoTized via toef^ortr^ membrane Is an ele^ 
eo the probe and the sample are hybridized as mentioned above whBe determining the membrane potentials before 
and after hybridization, whereby detecting fre presence of the Intended gene. 

A carrier having the nudeic add probe immobilized, when used as It Is, tends to exhibit nonspecific physical 
adsorption caused by a sample nudelc acid and a double stranded nucleic add recognizing substance. Such 
non-specific adsorption may cause a reduced sensitivity. It can be suppressed by covering the earner surface 
25 with the nudelc add by means of physical adsorption or chemical bond after Immobilization of the nucleic acid 

Pf ° t For this purpose, the nudelc ado^ to boused to cover the surface of me ca^ nucleo- 
sides such as adenosine, thymidine, guanoslne and cytkJIne, nudeotides such aa uridytfe add, cytldyiic add, 
adenylic add and guanyiic add, synthetic dlgonudeotide as waH as naturally derived DNA such as salmon 

30 sperm DNA. . 

While the length and the base sequence of nudelc add used to cover the surface of the carrier are not 
limited specifically as far as they do not cause the reaction with the nudelc add probe IrnmoWlbted on the sur- 
face of the carrier, a single stranded or double stranded nudelc add of 1 to 100 bp is preferable. 

Non-specific adsorption can also be suppressed by coating the carrier with the substances such ae sur- 
as factanta, fatty ackte and fats. An example of such substance to stearytamJne. 

In the gene detection method according to the present Invention, the methods of immoWilzIng the nucleic 
actd probe to the carrier to not limited to those mentioned above and other method generally utilized to Imrnobl- 
Uzlng blopolymers such ae proteins to solid phases may widely be employed. 

The amount of the nudelc add probe to be Immobilized to the carrier Is not particularly limited, although 
40 a higher density of the nudelc add probe immobilized results In a higher sensitivity of the detection, namely, 
a higher S/N ratio. The density of the nudelc add probe Immobilized to generally of the order of aiwtfcm* or 
higher. ^_ . 

The nudeic add probe immobBtzed to a carrier eapeciaBy to an electrode or optical fiber surface, can be 
quantified by determining an oxidation-reduction current or an optical signal of the nudeic add or by determining 
46 an oxidatton-reducMon current or an optical signal of an dectrochemtcally or optically active substance which 
binds specllcally to the single stranded nudelc acid. Thus, when the carrier Is an electrode, then the oxida- 
tion-reduction current from the nucleic acid or the Intercalating agent to determined using a measurement sys- 
tem consisting of. for example, potentiostat function generator, recorder and computer to quantify the nudeic 
acid frnmobTaed. When the carrier to an optical fiber, then the optical signals from the nudelc add or the Inter- 
so calating agent bound to the nudelc add, such as absorbance, fluorescence, luminescence, quenching, circular 
dlchrdsm, fluorescence pdarteation or other optical parameters are determined using corresponding instru- 
ments to quantify the nudelo add Immobilized. By using these methods, ft to possible to quantify the nucleic 
add immobilized on the surface of the carrier more easily In a shorter period at a higher sensitivity when com- 
pared with the conventional methods which are qute complicated since the nudelc add Itself has no activity. 
66 The oixWatiorHeductlon current from the nudelc add may be the oxidation-reduction current from adenine, 
thymine, guanine or cytoelne. 

By imparting the function of an osdlator or rotator to the carrier Immobilized with the nudelc acid probe, 
the flow near the surface of the carrier can relatively be Increased, whereby facliteting the htbridtzatton reaction 
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and Inhibiting the non-specific reaction, providing higher efficiency of the gene detection. The function of oscil- 
lator can be Imparted to the carrier by utilizing mechanical escalation, ultrasonic wave or electric or magnetic 
action. 

As test samples, blood such as peripheral venous blood, leukocyte, serum, urine, feces, semen, saliva, 
cultured cell, tissue celts such as cells from various organs and other materials containing nucleic acids may 
be employed. 

Although the extraction of nucleic adds from a test sample Is conducted according to the convention si 
method, the double stranded nucleic acid recognizing substance mentioned above can be used for extraction 
and purification fallowing the procedure described below. 

First, the double stranded nucleic acid recognizing substance b IrnmobBtzed to an appropriate support, 
which b then mixed with a test sample. The celb contained in the test sample is ruptured to release the nucleic 
add, which is then bound to the double stranded nucleic acid recognizing substance. Subsequently, the support 
b separated from the test sample and the nucleic add bound to the double stranded nucleic add recognizing 
substance b separated from the support 

The supports useful herein may be, but are not limited to, polymer supports such as latex, polyethylene, 
polystyrene, and polypropylene, carbon materials such as activated carbon, metal particulates, ceramic mate- 
rials, and magnetic materials such as magnetites, samarium-cobalt and ferrite. The forms of the supports are 
not particularly limited, but a partide whose size b within the range from 0.1 to 1000 urn. particuJariyfrom 1 to 
100 urn, b preferable. 

The cefla contained In the test samples may be ruptured according to the standard method. For example, 
the support b agitated by means of the external force such as shaking or applying ultrasonic wave. Nucleic 
add etuats may also be employed to release the nudeic add from the cells. Such nudeic add efuates are, for 
example, the sdutfons contorting surfactants such as SDS, Triton-X and Tween-20, and the solutions contain- 
ing saponin, EDTA or proteases. When these solutions are used to release the nudeic acid, Incubation at a 
temperature not lower than 37°C may serve to facilitate the reaction. 

After binding the nudeic acid to the double stranded nucleic add recognizing substance Immobilized to 
the support, the support te separated from the test sample by an appropriate means. The support which has 
been separated b first washed with a washing fluid (low salt concentration) to remove the unnecessary com- 
ponents, and then with a nudeic add eluate (high salt concentration) to release the nucleic add into the sdutton. 
When an Intercalating agent b used as the double stranded nudeic acid recognizing agent, a non-polar organic 
advent b used as the nudeic add eluate. 

When a magnetic partide b used to the support, agitation and separation of the support can conveniently 
be conducted by using external magnetic action which enables easier and rapid procedure. 

When the content of the Intended gene b quite small, the detection may also be conducted after amplifi- 
cation of the gene according to a known method. Representative gene amplification methods are methods utBi- 
ztng enzymes, such as pdymerase chain reaction (PCR) method. The enzymes useful in the gene amplification 
method may be, tor example, DNA-de pendent DNA pdymerazes such as DNIA polymerase and Taq polymer- 
ase, DNArdependent RNA pdymerazes such as RNA polymerase 1 , RNA4ependent RNA pdymerazes such 
as Q beta repBcese. Among methods using these enzymes, PCR method using Taq pdymerase b a quite con- 
venient method wherein the amplification can be repeated continuously only by controlling the temperature. 

The samples thus obtained (course extract of nudeic add, or purified solution of nudeic acid) ere thermally 
denaturated at a temperature form 90 to 98°C, preferably not lower than 95°C to prepare single strands. Then 
an electrode immobSlzed with nudeic add probe or an optical fiber ImmobBized with nudeic add probe b placed 
In the solution of the single stranded nudeic add and hybridized at a temperature from 37 to 72°C. The optimum 
temperature for hybridization varies depending on the factors such as the base sequence and the length of the 
probe employed. 

In such cases, the reaction rate b generally teas satisfactory than In the case of the reaction in sdution. 
since the hybridization reaction proceeds En a solid phase. However, this problem can be eliminated when using 
an electrode immobilized with the nudeic acid probe by applying a potential to the electrode surface before 
and/or during the hybridization taction to accelerate the reartbn. The potential to be applied b preferably a 
positive potential, or a positive and negative potentfeb are alternatively applied. Such potential b apptted con- 
tinuously or Intermittently as pulse. Preferably the potential applied b within the range from 0 to ±2.0 V. 

Upon hybridization, unreactsd nudeic acid may adsorb non-specifically to the electrode surface in addition 
to the intended gene bound to the nudeic acid probe. Such non-specific adsorption may reduce the S/N ratio 
of the gene detection. Usually the nudeic acid b negatively charged. Therefore the nudeic add rion-spedfically 
adsorbed can be removed by applying the negative potential to the electrode. For trite purpose, the potential 
to be applied b within the range from 0 to 2.0 V, preferably 0 to 1.5 V. 

The double stranded nudeic add recognizing substance may be added to the test sample either before or 
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after m.hyb*fea^ 

previously -to pmpared, In which the electrode oropticai fiber hm»batzedwim me nudeteacKi probe may be 

charged. norwpecBc adsorption of the recognizing substance to the earner can to suppressed by applying 
poeftrve potential In the cases where the carrier b an electrode. . . 

Slncethe electrode reaction proceeds only near the surface of the electrode, a response of the Intercalating 
agent bound to the double stranded nucleic acid to the electrode can be obtained exlcustoty upon occurrence 
of hybridization. When using an electrode trwmobBlzed with a nucleic acid probe, a measurement ^^con- 
sisting of potenttoatat, function generator and recorder may be used. Once the potential Is set approximately 
to the oxktetton-reduction potential of the Intercalating agent, the potential la scanned. During the scanning, 
the oxWattorweduction currant b determined to quantify the gene to be detected. TWe ele^c^er«cal deter- 
mination may be done in a test solution or in other electrolyte solutions. tt may also be done in hydrophlllc or 
hydrophobic solvents. . 

When using an optical fiber Immobilized with a nuclsic add probe, the gene to be detected Is quantified 
by determining the optical parameters such as absortonce. luminescence, fluorescence, reflection, quenching, 
circular dlchrotem and fluorescence polarization. . ^ t ^ . 

The devices involving a nucleic acid probe IrnmobBtzed to a carrier having a function of detecting signer 
euch as the electrode or optical fiber Irnmobatzed with the nucleic acid probe as mentioned above, are useful 
as gene detecting sensors, to order touse such devices as gene detecting sensors repeatedly, ft is required 
to dissociate the sample which had been hybridized with ths probe immobilized. Dissociation of the sample 
from the probe may be conducted by treatments with heat, bases, acids, surfactants or ultrasonic wave. The 
heat treatment can be done by heating the double strand sd nucleic add formed at 98°C for 5 minutes to denat- 
ure the double stranded nucleic acid Mowed by rapid cooling. Alkaline treatment employs a buffer solution of 
pH 6.5 or higher or strong base solutions, whte add treatment employs a buffer solution of pH 4.5 or lower or 
strong acid solution. The surfactants used in the treatment with surfactants may be, but are not limited to. Ionic 
or neutral surfactants such as SDS, Trtton-X and Tween 20. For this purpose, the concentration of the surfactant 
Is preferably 0.1 % or higher. Ultrasonic treatme nt can be conducted by treating the sample for several seconds 
to several minutes with the ultrasonic wave having the frequency from 10 to 100 kHz. 

The gene detection methods of the present invention are further described In the examples below. 

Example 1: Gene detection using electrode immobaized with nudelo add probe 

a. Irnmoblkatton of nudeic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr), ImmobDlzation was conducted by 
immersing me electrode in the solution of thermally denatured single stranded nudeic acid probe (v-myc). 

b. Gene detection using electrode Immobilized with nucleic acid probe 

As a test sample, pVM623 obtained by inserting v-myc fragment Into pstl site of pUC 119 wss employed. 
Untax pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The electrode IrnmobBtzed with toe nucleic add probe was placed In the test sample, which is Incubated 
for 1 5 minutes at 70°C to anneal During this procedure, acridlne orange, an intercalating agent which has speci- 
ficity to the double stranded DNA and is eiectrcchernicatly active, was added. 

Alter annealing, the electrode reaction was effected while determining the (wWatbn-reduction current pro- 
duced to quantity v-myc contained In the test sample. As a result, v-myc could be detected in pg (pteogram) 
order. 

Example 2: Gene detection using optica) fiber Immobilized wtth nudeic acid probe 

a. lrrvnobOlzatton of nudeic acid probe to optical fiber 

The tip of the optical fiber was treated wtth sftane coupler (gamma-aminopropyt triethoxy sQane: 
(gamma-APTES) and then the single stranded nudeic add probe (v-myc) was immobilized using glutaral- 
dehyde as a crossUnktog agent 

b. Gene detection using optical fiber immobilized with nudeic add probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment into Pat I site of pUC 110 was employed. 
Linear pVM 623 was obtained by digesting wlrh Hind III and then was subjected to the thermal denaturation at 
98°C. The optical fiber immobilized with toe nudeic acid probe was placed In the test sample, which was incu- 
bated for 15 minutes at 70°C to anneal. During this procedure, acridlne which has spedftctty to the double stran- 
ded DNA was added. 

After annealing, the fluorescent light emitted from acridlne was determined to quantify v-myo contained In 
the teat sample. As a result v-myc could be detected In pg order. 

Example 3: Gene detection using electrode kmmobifized with nudeic add probe and using metaUo Inter- 
catator as an Intercalating agent 
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As a test sample, pVM 623 obtained fay Inserting v-myc fragment Into Pat I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind ID and then was subjected to the thermal denaturation at 
98°C. The electrode 'mmoMfcedwith the nudeic add probe was placed In the test sample, which was Incubated 
for 15 minutes at 70*C to anneal During this procedure, bis (1 t 10-phenanthrollne) cobalt (III), an intercalating 
agent which has specffldty to the double stranded DNA and Is etectrochemlcally active, was added. 

After annealing, cyclic vottammetry was conducted and values of the c^ktatorweductton current obtained 
by sweeping 30 times were summed up. As a result, v-myc could be detected in pg order. 

Example 4: Gene detection using optical fiber electrode Immobilized with nudeic add probe and utilizing 
electrocrwnnumtnescence 

As a test sample, pVM 623 obtained by Inserting v-myc fragment Into Pet I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind ID and then was subjected to the thermal denaturation at 
98°C. The optical fiber electrode immoblfeed with the nudetc acid probe (v-myc) was placed in the test sample, 
which was Incubated for 1 5 mrnutes at 70>C to anneal During this procedure, ludgen which has specificity to 
the double stranded DNA and Is capable of generating electrochemtcally luminescence was added 

After annealing, electrochemical reaction was effected and the luminescence was detected through the 
optical fiber electrode tmmobHized with the nudeic add probe. As a result v-myc could be detected in pg order. 

Example 5: Gene detection using electrode Immobilized with nudeic add probe and using anti-DNA anti- 
body as an Intercalating agent 

a. ImmobJtzation cf nudeic add probe to Pt electrode surface 

Pt electrode was treated at a high temperature to alr-oxldfce the surface erf the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by 
tmmeralng the electrode h the solution containing thermally denatured single stranded nudeic acid probe 
(VHfnyc). 

b. Gene detection using electrode immobilized with nudeic add probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment Into Pet I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind 111 end then was subjected to the thermal denaturation at 
98»C. The electrode trnrnoblizdd wffli the nucleic add probe was placed In the test sample, which is Incubated 
for 15 minutes at 70°C to anneal. After washing the electrode, alkaline phoephatase-tebeled anti-nucleic acid 
antibody which binds speefficafly to the double stranded nucleic add was reacted, and washed again prior to 
adding NADP+ solution. Alkaline pnoaphatase hydrolyze NADP+ to generate NAD*. 

NAD* thus generated was determined by determining the current caused by oxidation of NADH in the sys- 
tem udng alcohol dehydrogenase and (flaphorase, whereby quantifying v-myc contained in the teat sample. 
As a result, v-myc could be detected in pg order. 

Example 6: Gens detection using optical fiber ImmobHtzed with nudeic add probe and using anti-DMA anti- 
body as an Intercalating agent 

a. IrnmobJtzation of nudeic add probe to optical fiber 

The tip of the optical fiber was treated with alia ne coupler (gamma-APTES) and then the single stran- 
ded nudeic acid probe (v-myc) was Immobilized using gjutaraldehyde as a crossllnking agent 

b. Gene detection using optical fiber fmmobStzed with nudeic acid probe 

As a teat sample, pVM 623 obtained by Irmerting v-fryefragment into Pet I ete of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thermal denaturation at 
98*C. The optical fiber IrnmobiUzed with the nudwc acid probe was placed In the teat sample, which was Incu- 
bated for 15 minutes at 70°C to anneal 

After annealing and washing, peroxWase-tabelled antVDNA antibody which binds specifically to the double 
stranded DNA was reacted. Then the sample was washed again, and reacted with H 2 Oj in an alkaline aqueous 
solution using iurntod as a substrate and luolferin as an enhancer. The luminescence thus generated was deter- 
mined to quantify v-myc contained In the test sample. As a result, v-myc could be detected in pg order. 

Reference Example 1: Quantlrtcabon of nudeic add probe on BPPG electrode 

a. Introduction of amino group into nudeic acid probe 

A DNA labeling kit Chemtprobe (ORGENICS Ltd.) was used to label cardnogenlc gene v-myc (1 .5 
Kb). Into which {tornlrtobexyi) dATP was then introduced at 3' terminal using terminal deoxynudeotidy! 
transferase. 

b. lirfnobflfzatfon of nudeic acid probe to electrode surface 

As an electrode to which the nudeic acid b to be immobilized, basal plain pyrolytic graphite (BPPG) waa 
employed. This electrode was subjected to electrolysis at 2.2 Vina solution containing 10% nitric add and 
2.5% potassium chromate to oxidize the surface. The electrode whose surface has been oxidized was then 
placed In a refluxed solution of 10% garrana-arninopropyl triethoxy sOane in toluene at 120°C for 30 minutes 
to effect slane treatment After the electrode was washed with methanol, It was reacted m 1% glutaral- 
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dehyde sdutbn for 3D minutes, and was washed agah. The electrode was reacted In a solution <*^™fl 
1 ng/me v-myc having amino group Introduced at a room temperature tor 30 minutes, whereby producing 
an electrode Immobilized with the nucleic add probe, 
c. Quantification of nucleic add probe immobifaed to electrode surface 

Using the electrode Irnmobltzed with the nucleic add probe thus obtained, cydte vdtammetry was con- 
ducted in 1/15M phosphate buffer solution (pH 7.0). As a result, oxidation current of 1 uA ge^tad from 
adenine was measured by the electrode which had bean subjected to 10 seconds oxidation, whHe oxidation 
current of 2 uA measured by the electrode which had been subjected to 60 seconds oxidation. From the deter- 
minatk) using Chemlprobe kit, the amount* of nucleic acid immobilized to the surface* of these electrodes were 
about 0.1 pmoVom* and 0.2 prnoi/cm* respectively. Such findings Indicated that there may be correlation be- 
tween the oxidation currents from the nudelc acids and the amounts of nudelc acid probe Immobllfeed and 
that the nudelc add probe fmmobBizad may be quantified based on the electrode reaction of the nudelc add 

Reference Example 2: Quantification of nudelc add probe on optical fiber 

a. Introduction of amino group Into nucleic acid probe 

A DNA labeling kit called Chemlprobe was used to label carcinogenic gene v-myc (1 .5 Kb), Into which 
(6-emmohexyl) dATP was then introduced at 3' terminal using terminal deoxynudeotidyt transferase. 

b. Immobilization of nudelc acid probe to optical fiber 

The tip of the optical fiber was immersed In a solution of 1 0% garr»na-aminopropyl triethoxy siane in toluene 
and refluxed at 1 20°C for 30 minutes to effect sttane treatment The optical fiber was washed with methanol, 
it was reacted In 1% ojutaraldehyde solution lor 30 minutes and then washed again. The optical fiber waa 
placed in a solution containing 1 ug/rnl v-myc having amino group introduced and then reacted at a room 
temperature for 30 minutes, whereby producing an optical fiber immobilized with the nudeic add probe. 

c. QuanBflcatlon of nudelc acid probe Immobilized to optical fiber surface 

Using the optical fiber Immobilized with the nudelc acid probe thus obtained, the detection was attempted 
in 1/15M phosphate buffer solution (pH 7.0) containing 1.0 uM acridlne orange and the fluorescence from 
acridlne orange could be detected. The amount of the nudelc acid tmmobiized on the optical fiber surface was, 
when determined using Chemiprobe kit, waa about 0.1 pmotfcrn*. These findings indicated that It la possfcle 
to determine the amount of the nudeic add immobilized easily by determining the Intensity of the fluorescence 

from the Intercalating agent ^ j4 , 

Example 7: Acceleration of hybrkflzatkm of nudelc add sample with nudeic acid probe Imrnobitaed to elec- 



trode 



e 

As a teat sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturaHon at 
98°C. Then the BPPG electrode Immobilized with the nudelc add probe was placed in the teat sample, which 
waa Incubated for 15 minutes at 70"C to effect annealing During this procedure, 0.1 V (vs SCE) of potential 
was applied to the dectrode. 

Then acridlne orange, which has spedfldty to the double stranded DNA and Is etectrochemlcally active, 
waa added to effect the electrode reaction, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained In the test sample. As a result v-myc could be detected in pg order. The 
time required for hybridization which had conventional been about 30 minutes waa reduced to about 10 
minutes. 

Example 8: Regeneration of electrode Irnmobiized with nudelc add probe 

a. ImmobUization of nudelc add probe to Pt electrode surface 

Pt electrode was treated at a high temperature to alrnoxidize the surface of the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr). ImmobBlzation was conducted by 
Immersing the electrode In the adutton containing thermally denatured single stranded nudelc add probe 
(v-myc). 

b. Gene detection using electrode knmobBized with nudeic acid probe 

As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 waa obtained by digesting with Hind III and then was subjected to the thermal denaturation 
at 98°C. The electrode Immobilized with the nudelc add probe was placed In the test sample, which was 
incubated for 15 minutes at 70°C to anneal. During this procedure, acrkline orange, an intercalating agent 
which has apecffidty to the double stranded DNA and is electrochemical active, was added. 
After annealing, the electrode reaction waa effected whBe determining the oxidatton-reduction current pro- 
duced to quantity v-myc contained in the test sample. As a result, v-myc could be detected In pg order, 
c Regeneration of electrode Irnmobltzed with nudelc acid probe 

By healing at 98°C for five minutes the electrode immobilized with the nudelc add probe which had once 
been used for extermination, the sample pVM 623 was dissociated from the surface of the electrode tmmobt. 
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lized with the nucleic acid probe. The electrode thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 

Example 9: Regeneration of optical fiber immobilized with nucleic acid probe 

a. Immobilization of nucleic add probe to optical fiber 

5 The tip of the optical fiber was treated with sttane coupler (gamma-APTES) and then the single stran- 

ded nucleic acid probe (v-myc) was immobilized using gJutaraJdehyde as a crosslink! rtg agent 

b. Gene detection using optical fiber knmobQtzed with nucleic acid probe 

As a test sample, pVM 023 obtained by Inserting v-myc fragment Into Pst I site of pUC 1 19 was employed, 
□near pVM 623 was obtained by digesting with Hind ID and then was subjected to the thermal denaturation 
10 at 98*C. The optical fiber Immobilized with the nucleic add probe was placed In the test sample, which was 
incubated for 15 minutes at 70°C to anneal. During this procedure, acridine which has specificity to the 
double stranded DMA wae added. 

After annealing, the fluorescent from acridine was determined to quantify v-myc contained In the test 
sample As a result, v-myc could be detected in pg order, 
f 6 c. Regeneration of optical fiber immobilized with nucleic add probe 

By heating at 98»C for five minutes the optical fiber immobilized with the nucleic add probe which had once 
been used for determination , the sample vPM 623 was dissociated from the surface of the optical fiber immobi- 
lized with the nuddc add probe. The optica] fiber thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 
20 Example 10: Gene detection using intercalating agent to which substance generating signals which can 
be detected directly or Indirectly is bound. 

a. Preparation of electrode Immobilized with nucleic add probe 

(6-aminohexyl) dATP was Introduced at 3' terminal Into synthetic otlgonudeotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynucteoHdyl transferase. 

25 On the other hand, a basal plain pyrdytic graphite (BPPG) electrode was subjected to electrolysis at 22 
V In a 8dutk>n containing 10% nitric add and 2.5% potassium chromate to oxidize the surface of BPPG 
electrode. The electrode was then placed In a refluxed solution of 10% garnma-APTES in aniline at 120*C 
for 30 minutes to effect sllane treatment After the electrode was washed wfth methanol. It was reacted In 
1% glutaraldehyde solution for 30 minutes and washed again. 

so This BPPG electrode was reacted In a solution containing 1 ugAnf synthetic otlgonudeotide probe, whcfh 
has specificity to v-myc, having amino group Introduced at a room temperature for 30 minutes, whereby 
producing an electrode immobilized with the nudeic add probe. 

b. Gene detection using electrode Immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment Into Pst I sits of pUC 1 1 9 was employed. 
ss Linear pVM 623 was obtained by (Sgesting wfth Hind IH and then was subjected to the thermal denaturation at 
98°C. BPPG electrode imrnobiized wfth the nuddc acid probe was place In me test sample, which was Incu- 
bated at 70°C to anneal Subsequently, acridine orange bound to ferrocene was added In such an amount that 
final concentration of 1 uM was obtained. After washing, ft was subjected directly to the electrode reaction, dur- 
ing which the oxidation-reduction current was determined to quantify v-myc contained In the sample. 
40 When the sample did not contained the gene Intended, then the oxidation-reduction currant from ferrocene 
was not detected. However, In the case of the sample containing the gene intended, the oxidation-reduction 
current could be detected, and ultimately v-myc can be detected In the order of pg. Since no B/F separation 
wae required, the detection was completed within 30 minutes. 

Example 11: Gene detection using Intercalating agent to which substance generating signals which can 
46 be detected directly or Indirectly Is bound 

First the electrode imrnobiized with the nudeic add probe was prepared In the manner simBar as In 
Example 10, and then it was immersed in a solution of nucleotides (dATP. dCTP, dGTP and dTTP) for the pur- 
pose of preventing non-specific adsorption of sample DNA. 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
60 Linear pVM 623 was obtained by digesting with Hind in and then was subjected to the thermal denaturation at 
98°C. Then BPPG electrode immobilized with the nucleic add probe was placed In the test sample, which was 
incubated at 70°C to anneal. During this procedure, 0.1 V (vs SCE) of potential was applied to the electrode. 

After reaction, an intercalating agent which has specificity to the double stranded DNA and Is dectrochemi- 
ceUy active, namely trts (phenanthrdlne) cobartsalt was added. Aftertrts (phenanthrollne) cobalt salt was bound 
55 to the double stranded nudeic add, negative charge was applied to the electrode to remove the substances 
binding iwn-epedficeBy. Subsequently, the oxidation-reduction current of the Intercalating agent was deter- 
mined to quantify v-myc contained In me ted sample. As a result, v-myc could be detected in pg order. 
Example 12: Gene detection using optical fiber imrnobiized with nuddc add probe labeled with lumind 
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a. Preparation of optical fiber immobatzed with nudeic add probe labeled with KjminoJ 

(6-aminohexyl) dATP was introduced at 3' terminal Into synthetic oUgonudeofide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynudeotidyl transferase. This nudeic acid probe 
waa labeled with lumlnd and then Immobilized to the surface of the optical ffcer by means of physical 
adsorption. 

b. Gene detection using optical fiber krtmobtlized with nudeic acid probe 

Aa a test sample, pVM 623 obtained by inserting v-myc fragment Into Pat I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denatoratkm at 
98»C. The optical fiber Immobilized with the nudeic add probe labeled with himlnd was placed In the test 
sample, which was incubated at 55°C to anneal. During this procedure, ethWium bromide which binds speci- 
fically to the double stranded nudeic add was added. The ethtdlum bromide Is concentrated on the surface of 
the optical fiber. Subsequently, ructfertn and HA was used to generate the luminescence from lumrnd, 
whereby exdting ethMlum bromide. Fluorescence generated from the exdted ethWium bromide was deter- 
mined to quantify v-myc contained In the test sample. As a result, v-myc could be detected In the order of pg. 

Example 13: Gene detection using optical fiber ImmobBrzed with nudeic edd probe labeled with O-pheny- 
lenedlamlne 

a. Preparation of optical fiber ImmobDrzed with nudeic add probe labeled with O-phenylenediamlne 

(6-aminohexyl) dATP was introduced at 3* terminal Into synthetic oligormdeotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal o^oxynudeottdyl transferase. This nudeic add probe 
was labded with O-phenyienediamlne and then Immobfltzed to the surface of the optical fiber by means 
of physical adsorption. 

b. Gene detection using optical fiber Immobilized with nudeic acid probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 waa obtained by digesting with Hind 111 and then was subjected to me thermal denatu ration at 
98°C. The optical fiber tmmoblBzed with the nudeic acid probe labeled with O-phenylenedlamJne was placed 
In the test sample, which was then Incubated at 55*C to anneal After annealing, arrtWouMe stranded DMA 
antibody labeled with alkaline phosphatase was added. In this method, the antibody was concentrated on the 
surface of the optical fiber when Intended gene was present in the sample, whereby undergoing the enzymatic 
reaction, resulting in the absorbance at 405 nm. The absorbance at 405 nm was determined to quantify v-myc 
contained in the test sample. Aa a result, v-myc could be detected in the order of pg. 

Reference Example 3: Immobilization to electrode surface via amino group Introduced into nudeic add 
probe 

a. Preparation of nudeic add probe into which amino group is Introduced 

2 primers (20 mer) used for amplification of about 1 .0 Kb fragment of carcinogenic gene v-myc were 
synthesized using DNA synthesizer (Applied btosystem. PCR-MATE EP). An amino group was further Intro- 
duced to one of the primer at 6* terminal using Amlnollnk 2 (Applied btosystem). 
These two synthetic primers were admixed each in the concentration of 100 ng/rnf and subjected to the 
treatment at 65 C C for 5 minutes followed by 37°C for 30 minutes to anneal to obtain a double stranded nuc- 
leic add probe. 

b. tmmobfllzation of nudeic acid probe to electrode surface 

As an electrode to which the nudeic add b to be Immobilized, basal plain pyroiytlc graphite (BPPG) waa 
employed. This electrode waa subjected to electrolysis at £2 V in a solution containing 10% nitric add and 
2*5% potassium chromate to oxidize the surface. The electrode whose surface had been oxidized was then 
placed to a refluxed sdutton of 1 0% gammarAPTE^ 

After the sflane treated electrode was washed with methand. it was reacted in 1 % gjutaraldehyde solution for 
30 minutes, and then washed again. 

This BPPG electrode waa reacted tn a solution containing 100 jig/ml of double stranded nucleic add probe 
prepared in step a at a room temperature for 30 minutes, whereby immobilizing me double stranded nudeic 
acid on the surface of the electrode. Then the electrode was further subjected to thermal denaturatJon at 95*C 
for 5 minutes to remove the DNA chain without the functional group introduced, whereby produdng an electrode 
Inrtmobfflzed with the nudeic add probe. 

Example 14: Gene detection using electrode Immoblized with nudeic add probe via lipid mernbrance 
a. Preparation of electrode mYnobDized with nudekadd probe 

Lipid membrane was formed using r^osphatidylelhanolarnlne on the surface of basal plain pyrotytic 
graphite (BPPG) electrode. On the other hand, (6-ardnohexyt) dATP was Introduced at 3' terminal Into car- 
cinogenic gene v-myc (1 .5 kb) using terminal deoxynudeotidyl transferase. 

After treating lipid rnernbrane-modffled BPPG electrode wfth glutereJdehyde, ft was reacted tn 1 ug/mf aoi- 
utton of v^rryc to which amino group had beenlntroducedfcr 30mtoute*tf art*™ 
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producing an electrode immoWlked with the nucleic acid probe. 

b. Gene detection using electrode Immobilized with nudeic acid probe 

As a test sample, plasmid pVM 623 obtained by Inserting v-myc (1.5 kb) Into Pst I site of pUC 119 was 
employed. 

5 The teat sample was thermally denaturated at 95*C and then the electrode (mmoblllzed with the nudeic 
acid prepared In step a was placed In the sample to effect hybridization at 55*C. Determination of the membrane 
potential of the electrode Immobilized with the nudeic add was started before the Initiation of hybridization. 
The membrane potential changed as the hybridization proceeded, and ptateaued about 2 hours after Initiation 
of reaction. Thus, when using the electrode immobilized with the nudeic acid probe via the membrane, the gene 

to can be detected while monitoring the hybridization reaction. As a result, the Intended gene could be detected 
in the order of pg. 

Example 1 5; Gene detection using electrode Immobltzed with nudeic add probe and blocked by synthetic 
oligonucleotide 

a. Preparation of electrode Immobilized wtth nudeic acid probe 

f5 (6-amlnohexyt) dATP was Introduced at 3' terminal Into synthetic ollgonudeotkte probe (20 mer) 

against to a carcinogenic gene v-myc using terminal deoxynudotidyt transferase. 
On the other hand, BPPO electrode was subjected to electrolysis at 2.2 V in a solution containing 10% 
nfirlc acid and 2.5% potassium chromate to oxkfee the surface of the electrode. The electrode whose sur- 
face had been oxidized was then placed in a refluxed solution of 10% garnma-APTES in enltne at 120*C 

20 for 30 minutes to effect sBane treatment After the stlane-treatad electrode was washed with methanol H 
was reacted In 1 % glutaraldehyde solution for 30 minutes, and then washed again. 
™e electrode was reacted In a solution containing 1 ug/md of the probe to which amino group had been 
Introduced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the 
nudeic add probe. 

25 This electrode was Immersed In a solution of synthetic nudeotide (20 mer) to adsorb the synthetic nuc- 
leotide on the surface of electrode. 

b. Gene detection using electrode Immobilized wtth nucleic acid probe 

As a test sample. pVM 623 obtained by Inserting v-myc fragment Into Pst I site of pUC 119 was employed 
Linear pVM 623 was obtained by digesting with Hind in and then was subjected to the thermal denaturation at 

30 96°C. The BPPG electrode (rranobUzed wtth the nudeic add probe produced tn step a above was pi seed In 
the test sample, which was then Incubated at 70*C to anneal Subsequently, an Intercalating agent ecrfdlne 
orange which binds specifically to the double stranded nudeic add and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxtiattorweduction current generated was deter- 
mined to quantify v-myc contained In the test sample. 

35 As a result v-rrn/c could be detected in trie ordered 
trode whose surface was not blocked. 

Example 16: Amplification and detection of Intended gene 

a. Amplification of Intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I alto of pUC 1 19 
40 was employed. Linear pVM 623 was obtained by digesting with Hind 111 and then the concentration was 

adjusted to 1 femtomol (1ft-« mof). The sample was subjected to PCR using the condUon shown below 

as one cyde and repeating the cycle 30 times to amplify 1 Kb fragment of v-myc 

Denaturation : 94 °C for 1 minute 

Primer annealing : 55°C for 1 minute 
45 DNA elongation : 72°C for 1 minute 

b. Gene detection using electrode immobilized wtth nudeic acid probe 

The sample amplified by PCR was thermally denaturated at 98°C and BPPG electrode Immobilized with 
. nudeic add probe was placed In the sample, which was men incubated at 70°C for 15 minutes to effect anne- 
aling. During this procedure, ecridlne orange, an intercalating agent which has specificity to the double stranded 
bo nucleic acid end has the electrode activity, was added to the sample. Subsequently, the electrode reaction was 
conducted while determining the oxWatiorweduction current generated to quantify v-myc contained In the 
sample. As a result the presence of v-myc could be cortoed. 

Reference Example 4: Amplification and detection of intended gene 
a. Amplification of intended gene 
65 As a test sample, pVM 623 (4.6 Kb) obtained by Inserting v-myc fragment Into Pst I site of pUC 1 19 

was employed. Linear pVM 623 was obtained by digesting with Hind 111 and then the concentration was 
adjusted to 1 femtomol (1(H 6 rnol). The sample was subjected to PCR using the condition shown below 
as one cyde and repeating the cyde 30 times to amplify 1 Kb segment of v-myc 
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Denaturation : 94°C for 1 minute 

Prlrnerannedhg : 55">Cfor 1 minute 

DNA elongation: 72*Cfor 1 minute 

The prlrner was previously labded with Wotln prior to use. 

b Gene detection using optical fiber fcnmobBfeed with nudelc add probe 

The sample obtained by PCR was trwmaOy denaturatod at 9SP»C and the optkal fiber Immobilized with nuc- 
leic acid probe was placed In the sample, which was then Incubated at 7FC for 15 minutes to effect annealing. 
Subsequently. avWIMabeOed horse radish peroxidase was reacted and the fiber was washed. After adding 
luminescence substrate lumlnol, HA and enhancer, the luminescence was detected via the optical fiber. As 
a resuh, the presence of v-myc was confirmed , ^ . . . 

Example 17: Gene detection wh3e inhlbWng nonspecific adsorption of nucleic acid to electrode Immobi- 
lized wimnudeic acid probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment into Pat I alto of pUC 1 19 was employed. 
Linear pVM 823 was obtained by digesting with Hind ID and then was subjected to the thermal denaturation at 
98*C. The BPPG electrode ImmobUzed with the nucleic acid probe was placed in the test sample, which was 
incubated at 70°C to effect annealing. After annealing. -15 V (vs SCE) potential was applied to the electrode 
to remove DNA adsorbing the electrode surface non-specfflcally and physically. 

Then acridlne orange, an intercalating agent which has specificity to the double stianded DNA and has elec- 
trode activity, was added and then the electrode reaction was conducted. The c^atfoo-reduction current gen- 
erated was determined to quantify v-myc contained In the sample. As a result v-myc could be detected In the 
order of pg at an improved S/N ratio when compared with conventional results. 

Example 1& Gene detection whBe Inhibiting non-specific adsorption of nucleic add to electrode immobi- 
lized with nudelc acid probe 

As a test sample. pVM 623 obtained by Inserting v-myc fragment Into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind IB and then was subjected to the thermal denaturation at 
98*C BPPG electrode immobilized with the nudelc add probe (20 mer) having 50% homology to v-myc and 
BPPG electrode bnmobiked with the nucleic acid probe against to v-myc were placed in the test sample, which 
was Incubated at 70°C to effect annealing. 

Then acridlne orange, an intercalating agent which has specificity to the double stranded DNA and has 
electrode activity, was added and then the electrode reaction was conducted. The oxidation-reduction current 
generated was determined to quantify v-myc contained in the sample. 

After tMa electrode reaction. -1.0V(va SCE) potential was applied to the electrode to remove the nudelc 
add having less homdogy. After mat, acridlne orange was added similarly as above and ften the electrode 
reaction was conducted whle determining me oxUatton-reductton current generated. The results indicated that 
the cfttiattofweduction current detected from the Intercalating agent when using the prove having 50% homol- 
ogy was about 50% of that observed when using the prove having 100% homology. Accordingly, it was clarified 
that variant genes can be detected by using this method. 

Reference Example 5: Extraction of nucleic acid using carrier Irnmobioed with double stranded nucleic 
add recognizing substance 

In this example, a magnetite particie having particle size of 10 um as a carrier and amlnoaciidlne as a dou- 
ble stranded nudelc add recognizing substance were employed. 

First, the magnetite partides were washed thoroughly with PBS and placed in a refluxed solution of 10% 
3-ammopropyi trtethoxysflane in toluene at 120°C for 2 hours, end men washed with methand. Subsequently. 
1% gtutaraldshyde sdution w&b reacted with the partides to which then amlnoacridlne was immobBtzed. 

Hunianieidcocyte was used u a test sample. The leukocytes and the magnetic partides immobilized with 
ardnoacrtdine were admixed In a plastic vessd, which was agitated vigorously by vortex mixer to effect both 
of cell rupture and irrnnoHtzation of the nudelc acid to the carrier at once. Subsequently, a magnet was used 
to apply a magnetic field externally to the magnetite particles and thereby separate the partids, and the partides 
were washed throe times with 10 mM trls buffer sdution containing 200 mM NaCI (pH 7.0). After washing, the 
partides were placed In 70% ethanot to dute the nudelc acid. 

The nudelc acid obtained was subjected to dectrophoreste on 1 % agarose gd. thereby obtaining the nuc- 
leic add fragments of 20 Kb or greater, which could be deaved with a restriction enzyme. The entire procedure 
could be completed within 1 hour. 

As detailed above, gene detection using nudeic acid probe can be conducted conveniently within a reduced 
time period according to the present Invention. Therefore, the present invention is extremely useful as a method 
for detecting a certain gene in the Adds of gene diagnosis and gene engineering. 

The present Invention further provides a device to detect a certain gene automatically using the gene detoc- 
ton sensor mentioned above. 
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The gene detection device according to the present Invention comprises: 
* gene detection tensor having a nucleic add probe immobilized onto the surface of a canter sensitive 
to physical change; 

a tmasportation means to transport the gene detection sensor; 
5 a reaction vessel to store a sample solution containing the gene sample denatured Into a single stranded 

form. In the reaction vessel a double stranded nucleic acid being formed on the gene sensor by hybridization 
of the gene sample end the nucleic acid probe immobilized on the surface of the gene sensor; 
a temperature control means to control the temperature of the sample solution; 
a washing means to remove unrescted gene sample by washing the gene sensor after hybridization of 
10 the nucleic acid probe with the gene sample; end, 

a detection vessel to store a double stranded nucleic acid recognizing substance, the double stranded 
nucleic acid recognizing substance being reacted with the double stranded nucleic acid formed on the surface 
of the gene sensor In the detection vessel, whereby binding the double stranded nucleic acid recognizing sub- 
stance with the double stranded nucleic add In order to detect a physical change generated by the bound double 
15 stranded nucleic recognizing substance. 

The gene sensor used In the present gene detection device may preferably be either of the electrode or 
optical fiber Immobilized with the nucleic acid probe as mentioned above. This gene sensor may further be 
Imparted with the function of a stirrer by forming it in the form of padde or with the function of a temperature 
sensor. 

to The physical change such as electrochemical or optical signal detected by the gene sensor were deter- 
mined directly or via appropriate controller and then further analyzed by means of computer. 

In the reaction vessel, a sample solution containing the gene sample denaturated Into a single strand was 
stored As the sample solution, the coarse extract of the nucleic acid obtained by cell rupture may be used as 
it is or used after purification. A sample solution preparating device capable of preparing such coarse or purified 

25 extract of the nucleic acid may be connected to the reaction vessel and the sample solution prepared In situ 
from the test ceils may be fed to the reaction vessel whereby enabling full-automatic gene detection starting 
from the preparing the sample soutution from the test cells. The sample solution preparing device may be, for 
example of a disposable cartridge type, which may be exchanged to a new cartridge after completion of the 
determination. By using the cartridge freely reptaceble, the sample solution can always be prepared in a dean 

so condition without washing. 

The gene detection device according to the present Invention may further be provided with a association 
means by which double stranded nucleic acid formed on the surface of the gene sensor was dissociated into 
the nucleic acid probe Irnmobfl faced on the gene sensor surface and the free eingle stranded gene sample which 
is removed to regenerate the gene sensor. Such dissociation means is quite desirable tor the purpose of auto- 

39 mlzlng the detection device since the dissociation means enables the repetitive use of the gene sensor. The 
dissociation means useful for the present gene detection device are the treatments with heat, bases, acids, 
surfactants and ultrasonic wave as mentioned above. 

Furthermore, the present gene detection device msy employ one or more gene sensors each immobBized 
with different nucleic add probes. These gene sensors may be used at once to determine one or more items, 

40 or some of the gene sensors may be designated for a certain choice of the Items to be detected 

A method of detecting the gene using the gene detection device of the present Invention was described 
below with referring the figures. 

Fig. 1 shows a schematic view of an example of the automatic gene detection device according to the pre- 
sent invention. Thb device comprises three vessels, namely, reaction vessel 2. detection vessel 9 and dtesocl- 

45 ation treatment vessel 1 1. Reaction vessel 2 Is fitted In temperature controller 3 and connected to waste tank 
10, and Is able to move In hortzontaJ direction along with rail 4. Reaction vessel 2 is connected to gene sample 
purification device 1 at a predetermined position on raQ 4. Gene sensor 5 is fixed on traneportatfrtg device 12, 
by which horizontal transportation to the position above each tank and vertical transportation Into each tank 
are effected. As gene sensor 5, an electrode ImmobBized with a nudetc acid probe Is employed and the electric 

» signals detected by this electrode Is Input via electric signal detection controller 6 to computer 7, by which the 
signals are analyzed. 

The method of detecting gene using this device is as follows. First a test cells containing the nudetc acid 
to be detected Is placed in gene sample purification device 1, In which a test solution containing the gene sam- 
ples denaturated Into single strands Is prepared. The sample solution thus prepared Is fed to reaction vessel 
55 2, which te then transported to the predetermined position along with raQ 4. After gene sensor 5 was horizontally 
transported to the position above reaction vessel 2, It is transported into reaction 2. After gene sensor 5 was 
immersed In the sample solution In reaction vessel 2, the temperature of the sample solution was appropriately 
controlled by temperature controller 3 and then the nudetc acid probe immobilized to the surface of gene sensor 
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Sard me gene sample wnto^^ 
o^sensc*5is taken from trie s^^ 

unreacted nucleic ecW probe, and then the sensor te horizontally transported to the position above detection 
vessel 9. After removing gene wroa 6\ reactton veasel 2 le tra wported again to th^ p<»itk)n ajrmecMng to 

6 gene sample purification device 1. and the sample solution contained is discharged to the waste tank. Gene 
sensor 5 transported to the position above detection vessel 9 is then transported Into detection vessel 9, In 
detection vessel 9. a solution containing a double stranded nucleic acid recognizing substance Is stored and 
the double stranded nucleic acid recognizing substance recognizes and binds to the double stranded nucleic 
acid formed on the surface of gene sensor 5 immersed in the solution. Electrochemical signal generated by 

to the double stranded nucleic add reoog nfcdng substance bound to the surface to detected by gene sensor 5 and 
controlled by electric signal detection controller 8 and then Input to computer 7 for analysis. After determination, 
gene sensor 5 Is removed from detection vessel 9 and transported Into dissociation treatment vessel 11. In 
dissociation treatment vessel 11, the double strands formed on the surface of gene sensor 5 is dissociated to 
regenerate gene sensor 5. 

is Reaction vessel 2 mentioned above may not necessarily be single, and combination of one or more email 
vessels 13 may siso be employed as shown in Fig. 2. By using such one or more small vessels and one or 
more gene sensors 5, one or more samples can be determined at once, m such case, Independent small tanks 
1 3 may also be combined with the same number of gene sample purification devices 1 to prepare a plurality 
of samples at once, whereby enhancing the efficiency of the determination. 

20 The determination can also be conducted without removing unreacted nucleic acid samples and double 
stranded nucleic acid recognizing substances. In such case, there Is no need to provide washing lutd tank 8 
end detection vessel 9, and the entire procedure through determination can be conducted in reaction vessel 
I 

Furthermore, reaction vessel 2 may be a disposable reaction cell provided with a earner Immobilized with 

25 the nudeic acid probe on Its bottom or side surface. The Immobilized carrier useful may preferably be an elec- 
trode Immobilized with a nudeic acid probe in view of the connection to the detection device body, although 
any other IrnmoblfizBd carrier Dated above can be used, it is also preferable to set the Immobilized carrier such 
a manner that It can be separated from the reaction cell for the purpose of repetitive use. 

The gene detection using this reaction cdl Is conducted as follows. First a sample sdubon containing the 

so nudeic add to be detected Is placed In the reaction ceO, which Is heated to denaturate the nucleic add to the 
single strand. Annealing Is then conducted at a temperature selected suitably depending on the probe employed 
to form the double strand. The double stranded nudeic add recognizing substance was added and the signal 
generated directly or indirectly is determined via the carrier provided in the reaction ceB. In such case, It is not 
required to use the gene sensor mentioned above. 

55 The reaction ceO Is separated from the detection device and discarded after every determination. Therefore, 
the gene detection highly reliable without cross-contamination or carry-over of the samples. In addition, the 
determlantlon can be conducted more simply within a short period since there Is no need to wash the cefl. 

As shown In Fig. 3, temperature controller 3 which controls the temperature of reaction vessel 2 has ther- 
mostat bath 21, controller 22 to control the temperature of thermostat bath 21, end temperature sensor 23 to 

40 determine the temperature of the sample solution. In Fig. 3, reaction vessel 2 provided in thermostat baft ,21 
consists of one or more small vessel 13 mentioned above. One of small vessels 13 contains a buffer solution 
having the composition same as that of a solution ussd in the sample solution, and temperature sensor 23 is 
Inserted the buffer solution. The temperature of the buffer solution is determined as the temperature of the 
sample adutton. Temperature sensor 23 is connected to controller 22, and ft determines the temperature of 

45 the buffer sdutlon h readfon vessel 2 and sends the data to controller 22. After receiving the temperature data 
from temperature sensor 23, controler 22 calculate and processes the data and then control the temperature 
of thermostat bath 21 to maintain the temperature of the sample sdution at a certain constant level. This tem- 
perature control is preferably conducted within the range of ±0.5*C. 

An example of the automatic gene detection device utilizing electi^emlhiminescence Is described below. 

so Fig. 4 shows a schematic view of an automatic gene detection device utilizing eledrochemBumlnescence. 
This device is provided with reaction cdl 32 having the (unctions of both of reaction and detection vessels In 
the detection device shown In Fig. 1 and washing vessel 42. As mentioned above. It Is not required to provide 
a reaction vessel or detection vessel separately since the determination can be conducted without removing 
unreacted nudeic acid probe or unreacted intercalating agent when using eJectrochemBumlnescence. On the 

65 bottom surface of reaction ceD 32, electrode 33 Immobilized with a nudeic add probe is provided. Similarly as 
In the reaction vessd of the detection device shown in Fig. 1, reaction ceil 32 is ftted to temperature controller 
34. The reaction osB is transported horizontally along with rail 35 and connected to gene sample purification 
device 31 at a preoetermlned position of rat) 35. Reference electrode 38 is fixed to transporflng device 12 
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together with the tip of optical fiber 37. By transporting device 12, reference electrode 36 and optical fiber 37 
are horizontally transported and vertically transported into each vesaeL Reference electrode 36 Is connected 
to function fidnemtorfpotentkwtat 38 together with electrode 33 immobiized with nucleic acid probe, The poten- 
tial to be applied to these electrodee b appropriately calculated by computer 3d. The eiectrc^emlumlnescenco 
generated on the surface of electrode 33 Immobilized with nucleic acid probe b sent via optical fiber 37 to photo- 
muhlplier 40 for amplification and then counted by photocounter 41 . The results of the determination are input 
to computer 39 for analysts. 

The gene detection using thb device a conducted as follows. First, similarly as In the case of the device 
shown In Figure 1 , the test celb containing the nucleic acid to be detected are placed In gene sample purification 
device 31 and processed Into a sample solution containing the gene sample denaturated to the single strand. 
The solution b than transferred to reaction ceil 32. Then, the temperature of the sample solution is controlled 
appropriately by temperature controller 34 and the nucleic acid Immobilized on the surface of electrode 33 b 
hybridized with the gene sample In the sample solution. During this procedure, an Intercalating agent capable 
of generating electrochernnumlnescence b added to the sample solution. Alternatively, the intercalating agent 
may be added to the test solution prior to the hybridization. Subsequently, reaction cell 32 b transported along 
with raQ 35 to a predetermined position and reference electrode 36 and optical fiber 37 are transported into 
reaction cell 32 to Immerse In the sample solution. Then potential b applied between reference electrode 36 
and electrode 33 immobilized with the nucleic acid provided In reaction cell 32 to generate electrochemt. 
luminescence. The light caused by the eiectrochemBuminescence b brought via optica) fiber 37 to photormrt- 
tlpller 40 for amplification followed by counting by photocounter 41. The results of the determination are Input 
to computer 39 for analysis. After determination, reference electrode 36 and optical fiber 37 are removed from 
reaction ceil 32 and transferred to washing vessel 42 for washing. 

Example 19: Gene detection using gene detection device provided with electrode immobilized with nucleic 
acid probe 

The automatic gene detection device shown In Fig. 1 was used to detect the gene. As a test sample, pVM 
623 obtained by Inserting v-myc fragment Into Pat 1 sits of pUC 119 was employed. Linear pVM 623 was 
obtained by digesting with Hind III and then was subjected to the thermal denaturatfon at 96*C. The electrode 
ImmoblSzed wth the nucleic acid probe was placed In the test sample, which waa incubated for 15 minutes at 
70°C to effect annealing. During thb procedure, acrldlne orange, an intercalating agent which has specffltfty 
to the double stranded DMA and b electrochemlcelly active, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to qunntify v-myc contained in the test sample. As a result v-myc could be detected In pg order. The 
entire procedure could be conducted within 1 hour. 

Example 20: Gene detection using gene detection device provided with optical fiber Immobilized with nuc- 
leic acid probe 

The gene was detected using the automatic gene detection device shown In Fig. 1 except for replacing 
gena sensor 5 and electric signal detection controller 6 with optical fiber and fluorescence detector, respect- 
ively. As a test sample pVM 623 obtained by Inserting v-myc fragment Into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind ID and then was subjected to the thermal denaturation at 
98°C. The optical fiber Immobilized with the nucleic acid probe was placed In the teat sample, which was Incu- 
bated for 1 5 minutes at 70*C to effect annealing. During thb procedure, acrldlne orange, an Intercalating agent 
which has specificity to the double stranded DNA and b electrochemically active, was added. 

After the armeajlng, the electrode reaction was effected whBe determining the oxidation-reduction current 
produced to quantify v-myc contained In the test sample. As a result, v-myc could be detected in pg order. The 
entire procedure could be conducted automatically within 1 hour. 

Reference Example 6: Gene detection using gene detection device provided with electrode Immobiized 
with nucleic acid probe utittzbig efectrochemihiminescence 

The gene was detected by using the automatic gene detection device shown In Fig. 4. As a test sample, 
DNA derived from human peripheral blood admbced with pVM 623 obtained by inserting v-myc fragment into 
Pst I site of pUC 119 and digested with Hind 111 to make It linear was employed A reaction cell provided on Ha 
bottom surface with a BPPG electrode bnrnobfltzed with nucleic acid probe waa prepared, and then the sample 
was added to thb reaction cell and thermally denaturated for 5 minutes at 96*0. The sample was incubated 
for 15 minutes at 70°C to effect annealing. During annealing, luclgenln which has specificity to the double stran- 
ded DNA and capable of generating electrochem9umtnescence was added. 

After the annealing, the electrochemical reaction was effected whle counting the luminescent light by a 
photo-counter. As a result v-myc could be detected tn pg order. The entire procedure could be conducted within 
1 hour. 

Example 21: Gene detection using disposable reaction cell provided with electrode tamobflized with nuc- 
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laic add probe 

a. Preparation of reaction cell provided with electrode Immobilized with nucleic add probe 

(6-aminohexyl) dATP was Introduced to carcinogenic gene v^nyc (1 -5 Kb) previously at 3* terminal 
using terminal deoxynudotldyl transferase. 

As an electrode to be Immoblbed wtti the nudeic add, a Pt electrode was employed. FfrstthePt electrode 
was heated at 180*0 for 12 hours to oxidize the surface of the electrode. The electrode was placed In a 
reftuxed solution of 10% gamma-arninopropyl Wethoxy sHane In anSine at 120°C for 30 minutes to effect 
stlane treatment and then washed. The electrode was reacted further In 1 % glutaraldehyde solution for 30 
mlnutea and then washed. Subsequently, the electrode was reacted In a solution containing 1 ug/mf v-myc 
having amino group Introduced at a room temperature for 30 minutes, whereby producing an electrode 
Immobilized with the nucleic add probe. Then a reaction cell (5x5x10 mm) provided on Its bottom surface 
with the electrode immobilized with the nucleic acid probe was prepared, 
b Gene detection using reaction cett provided with electrode ImmoMized with nudeic add probe 
As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by Inserting v^rrycfrag- 
ment into Pst I alto of pUC 119 with Hind 111 was employed. A solution containing the segment was placed in 
the reaction cett produced in step a, and subjected to thermal denaturation at 95 C C for 5 minutes followed by 
annealing at 72°C for 30 minutes. After reaction, trie (1.10-phenanthroime) osmium was added to the reaction 
cell and the etoctrocrtemllurninescence caused by applying potential to the electrode was determined As a 
result, v-myc could be determined In the order of pg. 

Example 22: Gene detection using disposable reaction ceR provided with electrode immobBfeed with nuc- 
leic add probe 

a. Preparation of reaction ceil provided with electrode Immobilized with nudeic add probe 

{6-aminohexyl) dATP was introduced to carcinogenic gene v-myc (1 .5 Kb) previously at 3' terminal 
using terminal deoxynudotldyl transferase. 

As an electrode to be knmobBlzed with the nudeic add. BPPG electrode was used. First, this BPP6 elec- 
trode was electrotyzed In a solution containing 10% nitric acid and £5% potassium chromate at 12 V to 
oxidize the surface of the electrode. The electrode was placed in a remixed solution of 10% garnma-amJ- 
nopropyi Wethoxy sfiane in aniline at 120°C for 30 minutes to effect sDane treatment and then washed with 
methand. The electrode was reacted further In 1 % ghiteraidehyde solution for 30 and then washed. Sub- 
sequently, the electrode was reacted In a solution containing 1 ug/mf v-myc having amino group Introduced 
at a room temperature for 30 minutes, whereby produdng an electrode fcnmobDtzBd with the nudeic acid 
probe. Then a reaction cell (5 x 5 x 1 0 mm) provided on Its bottom surface wfth the electrode Immobilized 
with the nudefc add probe was prepared. 

b. Gene detection using reaction cell provided with electrode immobilized with nudeic acid probe. 

As a test sample, the fragment obtained by digesting pVM 623 (4.8 Kb) obtained by Inserting v-myc frag- 
ment Into Pst I site of pUC 1 19 with Hind III was employed. A sdution containing the fragment was placed In 
the reaction can produced in step a, and subjected to thermal denaturation at 95°C for 6 minutes followed by 
annealing at 72X for 30 minutes. After reaction, tris (1,10-phenarrthroline) cobalt was added to the reaction 
cell and the cockiatkHweduction potential was determined by cyclic voltaimnetry. As a result, v-myc could be 
determined in the order of pg. . 

As detailed described above, by using the automatic gene detection device according to the present Inven- 
tion, the gene can be detected eirtomatteafly by the methods mentioned above. Therefore, the gene can be 
detected more simply wtthln a short period. 

In the detection method described above, for the purpose of providing a gene detection method capable 
of detecting the presence of an Intended gene more safely and conveniently within a shorter period , the carriers 
such as an electrode or optical fiber which can detect a physical change such as electrochemical or optical 
signal generated from an Intercalating agent is Immobilized with the nudeic add probe to usees agene sensor. 
This purpose can also be achieved by using particles immobilized with the nudeic add probe on the surface 
of the particles Instead of the carrier Immobilized with the nucleic acid probe. Thus, on the surface of the par- 
tides, the nudeic acid probe is hybridtzed with the gene sample to form the double strand, to which 
eledrohermcally or optically active double stranded nudeic add recognizing substance is bound, and then 
the double stranded nudeic acid recognizing substance is detected electrochemfcally or optically by a detector. 

The partides tobe Immobilized with the nudeic add probe may be, but are not limited to, latex beads, polys- 
tyrene beads, glass beads, magnetic partides and the like. The diameter of the particle employed is preferably 
wtthln the range from 100 A to 1 mm. 

Other conditions are similar to those In cases of using the carrier such as the electrode or optical fiber 
Immobltzed with the nudeic acid probe as mentioned above. 

Similarly, a filter Imrnobiltzed with the nuclelo add probe on the filter surface may also be employed to detect 
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the gum. In such case, the useful f3tero may be any titers a* long as mey do not change their nature at teas! 
st 100*C, such as. for example, those filters generaDy used in DNA southern blotting such as nttroceRulose 
fitters and nylon fitters. For tamobllization of the nudelc add probe onto those filters, the methods mentioned 
above for krtmob9tzatton of the nucleic add to a carrier can be applied as they am. 

s Gene detection using the filter immobilized with the nudelc acid probe can be conducted as follows. 

First, a nucleic add Is extracted from a test sample such as peripheral venous blood or various organ cells 
accofdtng to a standard method and purified If necessary. Then a hybridization reaction solution containing the 
nudelc add sample obtained is prepared and the reaction solution Is applied to the multiple-layer filter device 
consisting of one or more faters tnduding the filter Immobilized with the nudelc acid probe, and the sample Is 

10 permeated into the fitter device. A double stranded nudelc add recognizing substance, especially such a double 
stranded nudeic add recognizing substance that indicates optical activity Itself or via other substance, has pre- 
viously been contained in the hybridization reaction solution. After the reaction solution Is sufficiently per- 
meated, the nudeic acid Is thermally denaturated at 95°C Into a single strand, which is then hybridized with 
the nucleic add probe fmmobQtzed on the filter surface by further heating at 37 to 72°C. After reaction, the filter 

15 immobilized with the nudelc acid probe Is removed from the filter device and then washed. When the Intended 
gene Is present In the nudelc add sample, a double strand is formed on the filter immobilized with the nucleic 
add probe and this double stranded nudelc add Is bound to the double stranded nudeic add recognizing sub- 
stance. This double stranded nucleic add recognizing substance causes the change in signal, which is deter- 
mined to quantify the intended gene. Thus, when the double stranded nucleic add recognizing substance has 

so optical activity, then the change In optical signal such as luminescence, fluorescence, reflection, fluorescence 
polarization, quenching, drcular tfchrotsm and the Ifce. 

While the Intended gene bound to the nucleic add probe Immobilized on the carrier Is detected using the 
double stranded nudelc acid recognizing substance In the detection method described above, the gene can 
also be detected without using the double stranded nudeic add recognizing substance by labeling the Intended 

25 gene Itself. For this purpose, the Intended gene In the test sample Is amplified as a pretreatmentfor the detection 
wWte labeling the primer used for amplification or starting nucleotide with a label such as electrode-active sub- 
stance or optically active substance as mentioned above. By this step, the label Is introduced into the gene 
which has been amplified, resulting in the Intended gene which has Itself been labeled. The label useful for this 
purpose may not be particularly limited, and any substance listed above as a label capable of further binding 

so to a blopotymer and an Intercalating agent may be used. 

The detection of the gene which has Itself been labeled can be conducted stmBarty as in the detection 
method mentioned above except for using no double stranded nudelc add recognizing substance. 

Furthermore, the second probe In addition to the first probe which is Immobilized on the carrier may be 
used to conduct "sandwich" hybridization, whereby detecting the intended gene without using the double stran- 

39 ded nudelc add recognizing substance. Thus, the first hybridization Is conducted between the first probe 
Immobilized on the carrier and the Intended gene, and then the second probe labeled is added to conduct the 
second hybridization with the intended gene bound to the first probe followed by the detection of the signal from 
the label of the second probe. 

The second probe useful may any nudeic add having the base sequence complementary to the Intended 

40 gene to be detected. When the Intended gene has one or more base sequences complernentary to the first 
probe then the first pn^jp can be used as the second probe. 

The label to be used to label the second probe may not particularly be limited, and the substances listed 
above as the labels capable of binding further to a btopolymer and an Intercalating agent may be used. 
In this gene detection method, the process to the step of hybridization of the first probe immobilized on the 

45 carrier with the intended gene may be similar to that in the detection method using the double stranded nucleic 
acid recognizing substance as mentioned above. After the first probe Is bound to the intended gene, the second 
probe is added instead of the double stranded nudeio acid recognizing substance, and then the second hyb- 
ridization is conducted under the condition similar to that of the first hybridization. The second probe may also 
be added before the first hybridization. After the completion of the second hybridization, the gene Is detected 

60 by a suitable method depending on the labd Introduced to the second probe. Specifically, the method of detect- 
big the double stranded nudelc add recognizing substance bound to the double strand can be used as It Is. 

Most of the genetic diseases are developed when a particular base sequence Is defected or combination 
of a plurality of particular base sequences are presented in a gene. Thus, most of the genetic diseases can 
not be identified directly by using the nudeic add probe. Accordingly, most of the diseases are now Identified 

55 by using restriction fragments length polymorphism (RFLP) analysis. This RFIP method Involves an analysts 
of the pattern of DNA fragments and thus requires the procedure of separating the DNA fragments. Presently, 
the separation of DNA fragments employs onfy electrophoresis which (nvdves the problem of complicated pro- 
cedures and a long time period for the determination. 
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Such analysis of the pattern of DNA fragments can be conducted conveniently within 8 short period by using 
the gene detection method of the present Invention En the procedure described below. 

Fkst, DNA is extracted from a biological material and then digested with an appropriate restriction enzyme. 
The restriction enzyme useful to not particularly (tanked and any enzyme generally used in RFLP may be 
s employed. Examples of the useful restriction enzyme are Acct, Aval, BamHI, EcoRJ, Hlncl, Hndlil end Pet I. 
The DNA fragments obtained are then separated based on molecular weights by column chromatography, 
high performance liquid chromatography (HPLC), for example, FPLC (manufactured by PHARMACIA Co. Ltd.), 
capalary electrophoresis, gel electrophoresis and the like. DNA fragment may also be separated after denatu- 
rated by, for example, heating at 90 to 98°C. 
w Then DNA fragments separated based on molecular weights are hybridized with the nucleic add probe 
Immobilized onto the carrier. This hybridization may be conducted In a flow system of a constant flow rate or 
in a series of fractions having the same volume. 

When the hybridization Is conducted In the flow system, the conditions such as temperature and pH of mov- 
ing phase am suitably selected depending on the hybridization reaction. The composition of the moving phase 
16 b not particularly limited although a salt concentration of about 0 to 1 M, pH of the neutral region, and a tem- 
perature within the range from 37 to 72*C are preferred. While ft is desirable to add the double stranded nucleic 
acid recognizing substance previously to the sample solution, ft is also acceptable that a carrier having the dou- 
ble strandsformed on the surface is placed In a solution containing the double stranded nucleic acid recognizing 
substance. As a double stranded nucleic acid recognizing substance, any of those listed above may be 
» employed. In the flow system, the time period (retention time) between the Introduction of the sample solution 
and the generation of the direct or Indirect signal from the double stranded nucleic add recognizing substance 
is determined. The pattern of DNA fragments based on, for example. RFLP can be obtained. 

When the hybridization Is conducted after obtaining the fractions, each fraction is subjected to the hybri- 
dization with the nucleic acid probe knmobilzed to the carrier and then the double stranded nudelc acid rec* 
25 ogntztng substance Is added to the fraction to determine the direct or indirect signal from the double stranded 
nucleic add recognizing substance. From the fraction number of the fraction In which the signal is obtained, 
the pattern of DNA fragments based on, for example, RFLP can be obtained. 

Although the present Invention Is a method to detect the presence of a gene having a particular base sequ- 
ence as mentioned above, me present method can further enable the separation of the gene having the par- 
se tlcular base sequence. Specifically, since in the detection method mentioned above the intended gene Is 
ImmobBtzed to a carrier by means of hybridization with the nucleic acid probe, the Intended gene can be sepa- 
rated from the test sample only by removing the carrier from the test sample. Accordingly, the Intended gene 
can exclusively separated by dissociating the intended gene from the carrier by an appropriate means after 
removing the substrate. 

35 More specifically, this gene separation can be performed by first hybridizing the nucleic add probe immobi- 
lized on the carrier gene surface with the intended gene to form a double stranded nucleic acid, to which then 
the double stranded nucleic acid recognizing substance added before or after hybridization Is bound, and then 
by detecting the signal from the double stranded nudeto acid recognizing substance bound to the double stran- 
ded nucleic acid to confirm the presence of the intended gene. Then the carrier on which the presence of the 
40 Intended gene has been ccmffrmed is removed from the test sample to separate the intended gene from the 
test sample, and then by means of thermal or alkaline denaturatlon the Intended gene Is dissociated from the 
carrier. In this gene separation method, the procedure to the step of detecting the Intended gene contained In 
the tost sample Is simfiar to that In the gene detection method mentioned above. 

To dissociate the Intended gene from the carrier, the carrier may be heated at a temperature of 95*C or 
45 higher In a buffer solution or may be exposed to an alkaline condition using for example sodium hydroxide. By 
this procedure, the Intended gene Is separated In a form of a single strand. 

The gene thus obtained Is converted to a double strand by synthesizing a complementary chain using an 
enzyme. The yield may be Increased by amplification using an enzyme. EspeclsJy by PCR method, the yield 
can be Increased while forming a double strand at a same time. By forming a double strand which is then Incor- 
60 porated via a tinker Into a vector, the Intended gene can be cloned efficiently and easfty. 

Reference Example 7: Gene detection using latex beads Immobilized with nucleic acid probe 
a. Introduction of amino group Into nudelc acid probe 

(6-arninohexyt) dATP was Introduced to a carcinogenic gene v-myc at Its y terminal by using ter- 
minal deoxynucleotldyl transferase. 
65 b. irnmobBlzation of nudelc acid probe to latex beads 

A single stranded nudelc acid probe was ImmobBtzed to the latex beads of the particle size of 1 urn using 
dlcydohexytcarbodBmlde as a crossllnklng agent The latex beads Immobilized with the nudelc acid probe was 
heated at 98°C in a solution of the sample (containing v-*nyc) to effect thermal denaturatlon followed by hyb- 
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rtdlzation at 72*0 for 1 5 minutes. Acrkfirte orange solution was added to this solution, which was then allowed 
to stand for 1 minute. After washing at 72°C with washing fluid (2 x SSC, 0.1% SDS), Intensity of fluorescent 
Gght was determined in a phosphate buffer solution. As a result the gene could be detected hi the order of pg. 
Reference Example & Gene detection using latex beads Immobilized with nucleic add probe 
6 a. Introduction of amino group Into nucleic acid probe 

(6-aminohexy) dATP was Introduced to a carcinogenic gene v-myc at its 3' terminal by using terminal 
deoxy nucleotidyl transferase, 
b. Immobilation of nucleic acid probe to latex beads 

A single stranded nucleic acid probe was immobilized to the latex beads having the particle size of 1 urn 
10 using altydortexyicartxrtlmide as a crossllnklng agent The latex beads immobilized with the nucleic acid 
probe was heated at 98°C In a solution of the sample (containing v-myc) to effect thermal denaturation followed 
by hybridization at 72°C for 15 minutes. Acridtne orange eofutbn was added to this solution (final concentration 
of 1 uM) which was then allowed to stand for 1 minute. Then the oxidatiorHneductton current of the intercalating 
agent In the solution was determined. As a result, the gene could be detected in the order of pg. 
« Reference Example 9c Gene detection using titer fcnmbdtzed with nucleic acid probe 

As a nudeic add probe, a carcinogenic gene v-myc was selected. This v-myc was bound to amihoacridlne 
via glutaraldehyde and the further immobllzed to PVDF nylon fitter by UV irradiation. After immobilization of 
the nucleic add probe, non-specific adsorption to the filter surface was suppressed by treatment with 1 mg/ml 
ATP solution. 

20 The sample solution containing v-myc was heated at 98°C to effect the thermal denaturation, followed by 
hybridization with me nudeic add probe Immobilized to the later surface at 72°C for 1 5 minute. After reaction, 
the filter was washed at 72°C (2 x SSC, 0.1% SDS) and the change In adsorbance on the surface of the filter 
was determined. 

In As case that the Intended gene was present In the sample, reduction In absorbance was observed. As 
25 a result of the determination, the gene could be detected In tite order over 10 pg. 

After the slmlar treatment the change In Intensity of fluorescent light on the filter surface was also deter- 
mined. As a result, in the cases that the Intended gene was present In the sample, Increase in intensity of 
fluorescent tight was observed. As a result of the determination, the gene could be detected In the order over 
lOpg. 

so Reference Example 1 0: Gene detection utftzing sandwich hybridization 

a. Preparation of electrode immobilized with first nudeic add probe 

A synthetic oligonucleotide probe (20 mer) against to the carcinogenic gene v-myc was used as the 
first probe, to which (6-aminohexyr) dATP was introduced at 3' terminal using terminal deoxynudeotidyi 
transferase. 

3s On the other hand, 6PPG electrode was dedroryzed In a solution containing 10% nitric acid and 2.5% 
potassium ctvomate at 2.2 V to oxidize the surface. The electrode whose surface had been oxidized was 
then placed In a reftuxed solution of 10% gamma-aminor*op7ltrlethaKysHane ht aniline at 120°C for 30 
minutes to effect sHans treatment The electrode treated with sSane was washed with methanol and reacted 
In 1% glutaraidehyde solution for 30 minutes, and then washed again. 

so The electrode was reacted In a solution of 1 ug/rnt of the first probe to which amino group had been Intro- 
duced at a room temperature for 30 minutes, whereby produdng an electrode Immobilized with the first 
nudeic add probe. 

The electrode trnrnobtfeed with the first nudeic add probe thus obtained was immersed In a solution of 
nucleotides (dATP, dCTP, dGTP and oTTP) so that the nucleotides were adsorbed to the surface of the 
45 electrode to suppress non-specific adsorption of the sample DNA. 

b. Gene detection using second nudeic acid probe 

A fragment of pVM 623 obtained by inserting v-myc fragment to Pst I site of pUC 119 was digested with 
Hind III. The fragment thus obtained was used as a test sample and Pst I fragment of pUC 119 was used as 
the second probe. The second probe was labeled with vlologen. 
50 The test sample and the second probe were ttermafly denaturated at 98*C. The BPPG electrode immobi- 
lized with the first probe prepared in step a was Disced In a solution containing the test sample and the second 
probe, which was then Incubated at 70»C to effed annealing. During the annealing, 0.1 V of potential (vs. SCE) 
was applied to the electrode. After annealing, negative potential was applied to the electrode to remove the 
substance binding rwn-spedfteaJty to the electrode. The oxidation-reduction potential of vlologen labeled to the 
55 second probe was then determined to quantify v-myc contained In the test sample. As a result, v-myc could 
be detected In the order of pg. 

Example 23: Indirect gene detection by RFLP analysis using electrode immobilized with nudeic acid probe 
Using an electrode fmmobffized with the nudeic add probe, the Individual fdentiRcation by DNA fingerprint 
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ta. human peripheral venous Wood by densKy ntrl^on 
andD^!TXted acook^to a standard method. Then DNA obtained was digested with a restriction 

^trToL hand, Myo probe was Immobilized to BPPG electrode to prepare an *^ ^tzed 
with the nucleic acW probe, which was then fitted to the outlet erf the column 

graph (HPLC). By loading the sample to HPLC DNA including the sequencing ^Wjo^^ 
Sized to the electrode surface was supported tempomrty on ^^^^^^ 
strand, to which then the double stranded nucleic acid recognizing substance such as an tritorcalatrng agent 
was bouwtwhsreby enabling thedett^ 

recognizing substance. The signals obtained exhibit a specific pattern. By analyzing this pattern, the patterning 
of the sample can be conducted. . ^ . , . . . 

By thermally denaturating the fragment of DNA obtained as above at 95-C to obtain a smcje strand, which 
was then subjected to HPLC together with a Intercalating agent, acrtdlne orange, to conduct the patterning or 
DNA. During chromatography, the column was maintained at 75°C. 

The results obtained hdfcated the discrete patterns by individuals subjected to the study. Accordingly, it 
was dearly indicated that individual Wentiflcation b possible by the present gene detection method. 

Reference Example 11: Gene separation using electrode immobilized with nucleic add probe 

A solution of chromosomal DNA (1 0 jig/mf) extracted from E coil strain JM 1 09 admixed with of 1 ugm>f 
digested pVM 623 (obtained by inserting v-myc to pUC 119) with Hind ill was used as an experimental model 
system. The sequence 6'-TGCAGTTCCGGTGGCTGAT03' in v-myc was used as a probe for detection end 
separation. 

a. Preparation of BPPG electrode immobHtzed with nucleic acid probe 

BPPG electrode was etectroiyzed In a solution of 2.5% potassium chromate and 10% nitric acid at 
2.2 V for 10 seconds to oxidize the surface. The electrode was placed in a refluxed solution of 1 0% gam- 
ma-aminoprpyitriethoxy slane hi toluene at 120*C for 30 minutes to effect silane treatment By this treat- 
ment, amino group was Produced to the electrode surface. Then the electrode was allowed to stand In 
1/15 M phosphate buffer (pH 7.0) containing 1% glirtaradldehydefor 1 tour at a room temperature to Intro- 
duce aldehyde group. The synthetic primer mentioned above was prepared into a solution of 10 ug/mf in 
1 0 mM phosphate buffer. In which the electrode treated with aldehyde was then placed and allowed to stand 
for 1 hour at a room temperature. In this step, the prtnwwaslrrfnobflbfid on the electrode surface. 

b. Detection of Intended gene 

The BPPG electrode ^mobilized with the nucleic acid probe prepared in step a was placed in a solution 
of chromosomal DNA (10 ug/mf) extracted from E. coil strain JM 1 09 admixed with of 1 ug/mf of pVM 623 
which had been converted to a linear form by using Hind ill and was hybridized at 55°C. An intercalating 
agent, acrtdlne orange, was added to obtain the concentration of 1 uM and then the electrode response 
was determined. 

As a result the peaks specific to acrtdlne orange were obtained, indicating the formation of the double 
strands on the electrode surface, 
c Separation of intended gene 

The electrode was removed from the sample solution and heated at WC In the buffer to dissociate the 
Intended gene to a douWe strand form. Then 5'-TGCAGTTCCGGTGGCTGATC-3' and 5'-CGACTCGGAAGAA- 
GAACAAG-3' which were the fragments In v-myc were used as the primers to conduct PCR. The length be- 
tween toe base sequences complementary to the two primers is about 900 bp. The gene amplified by PCR 
was subjected to electrophoresis. In which the band corresponding to 900 bp was observed, whereby confirming 
the separation of pVM 623 which was Intended to be separated 

As a control, the same procedure was taken using pUC 118 as an Intended gene and the base sequence 
in pUC 118 as a PCR primer, and no band was observed at the corresponding position. 

Example 24: Gene detection using electrode bnmobDtzed with nucleic acid probe and blocked by 
stearytamlne 

a. Preparation of electrode IrnmobBlzed with nudelc acid probe 

(6-amlnohexyi) dATP was Introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
aoalnat to a carcinogenic gene vnmyc using terminal d^oxynudoudyt transferase, 
SnT^me^^^ was subjected to electrolysis at *2 Vina »oluto contain^10% 

te^had been o^lzTwas unplaced In a refluxed solution of ^J^^^^^ 
foTsO minutes to effect sQane treatment After the eilane*eated electrode was washed with methanol, ft 
was reacted in 1% glutaraldehyde solution for 30 minutes, and then washed again. 
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This electrode was reacted In a solution containing 1 pg/mf of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode ImmobPlzed with the 
nucleic add probe. 

This electrode was Immersed in a stearylamine solution to adsorb etearyamlne on the surface of electrode, 
s thereby a non-specific adsorption of a sample was suppressed. 

b. Gene detection using electrode Immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by Inserting v-myc fragment into Pst I site of pUC 119 was employed 
Linear pVM 623 was obtained by digesting with Hind 10 and than was subjected to the thermal denaturation at 
98*0. The BPPG electrode fmmoblfczed with the nucleic add probe produced In step a above was placed in 
10 the test sample, which waa then incubated at 70*C to anneal Subsequently* an Intercalating agent acrWlne 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction waa conducted, during which the elation-reduction current generated was deter- 
mined to quantify v-myc contained In the test sample. 

As a result, v-myc could be detected In the order of pg. S/N ratio observed was higher than that of the elec- 
ts trode whose surface was not blocked 



Claims 

20 1 A gene detection method wherein a single stranded nucleic acid probe having a base sequence com- 
plementary to the gene to be detected fs reacted with a gene sample denatured Into a single stranded 
form and then said nudelc acid probe hybridized with the gene is detected to confirm the presence of the 
gene, characterized in that 

said rtudeic acid probe is immobilized onto a center sensitive to a physical change; 

26 a double stranded nudelc add recognizing substance capable of binding specifically to a double 

stranded nudelc acid and being active physlcochemicalty is added to the reaction system of said nucleic 
add probe and the gene sample; and, 

the double stranded nucleic add recognizing substance bound to the double stranded rtudeic add 
formed by conjugation of said rtudeic add probe and the gene to be detected Is detected by means of 

w physical determination using said carrier, whereby detecting the presence of said nucleic add probe hyb- 
ridized with the gene to bo detected 

Z A method according to claim 1, wherein said carrier is an electrode and the detedlon of the gene to be 
detected is performed by means of electrochemical determination using said carrier. 

35 

X A method according to dalm 2, wherein potential Is applied to the electrode upon hybridization of the nuc- 
leic add probe IrnmobHized on the surface of the electrode and the gene sample denatured Into a single 
stranded form. 

40 4. A method according to dakn 2, wherein said double stranded nudelc add recognizing substance Is an 
intercalating agent 

5. A method according to dalm 4, wherein said intercalating agent is a metal complex having as a center 
metal a metal capable of undergoing electrically reversible oxidation-reduction reaction and the oxHation- 

45 reduction potential of said metal is less than or is not covered by the oxidation-reduction potential of the 
nudelc add 

6. A method according to claim 2, wherein said double stranded nudelc add recognizing substance is an 
intercalating agent to which one or more substances generating electric signals which can be detected 

so by said electrode directly or Indirectly are bound 

7. A method according to claim 2, wherein sakj double stranded nudelc acid recognizing substance is a 
btopolymer capable of binding specifically to a double stranded nudelc add. 

55 8. A ntethod according to daim 2, wherein said nucleic acid probe Is Immobilized onto o^edetirode through 
an amino group Introduced in said nudelc acid probe. 

ft. A method according to dalm 2, wherein said nucleic acid probe a Irnmobflfced onto the electrode through 



25 



EP0478S19A1 



afBm. 

10. A method according to dalm 2. wherein said electrode is further covered with substances selected from 
the group consisting of nucleic acids, surfactants, fatty acids and fats. 

11. A method according to claim 1 , wherein said carrier is an optical fiber and the detection of the gene to be 
detected Is performed by means of optical determination using said optical fiber. 

12. A method according to claim 1 1 . wherein said double stranded nucleic add recognizing substance Is an 
Intercalating agent 

11 A method according to data 1 1 , wherein said double stranded nudelc add recognizing substance Is a 
blopotymer capable of binding specifically to a double stranded nudelc add 

1* A. method according to dalm 1 1 . wherein said optical fiber is an optical fiber electrode and said intercalat- 
ing agent is a metal complex having as a center metal a metal capable of undergoing electrically reversible 
oxWizatiofweductlon reaction, the oxidation-reduction potential of said metal being less than or being not 
covered by the oxWafon-reduction potential of the nucleic add, and the detection of the gene to be detec- 
ted Is performed by means of optical determination using said optical fiber electrode. 

15. A method according to dalm 11, wherein said double stranded nudelc add recognizing substance Is an 
intercalating agent to which one or more substances generating optical signals which can be detected by 
said optical fiber directly or indirectly are bound. 

16\ A method according to dalm 11, wherein said nudelc add probe is immobilized onto the optical fiber 
through an amino group introduced In said nudelc add probe. 

17. A method according to claim 11, wherein said optical fiber Is further covered with substances selected 
form the group consisting of nudelc add, surfactants, fatty adds and fats. 

18. A gene detection device to detect a gene having a certain base sequence comprising: 

a gene detection sensor (5) having a nudelc acid probe tmmobilzed onto the surface of a carrier 
sensitive to physical change; 

a transportation means (12) to transport the gene detection sensor (5); 

a reaction vessel (2) to store a sample solution containing the gene sample denatured into a stogie 
stranded form. In said reaction vessel (2) a double stranded nudelc add being formed on the gene sensor 
(5) by hybridization of the gene sample and the nudelc add probe ImmobOked on the surface of the gene 
sensor (5); 

a temperature control means (3) to control me temperature of the sample solution; 

a washing means (8) to remove unreacted gene sample by washing the gens sensor (5) after hyb- 
ridization of the nucleic add probe with the gene sample; and 

a detection vessel (9) to store a double stranded nudelc acid recognizing substance, the double 
stranded nudelc add recognizing substance being reacted with the double stranded nudelc acid formed 
on the surface of the gene sensor (5) In said detection vessel (9), whereby binding the double stranded 
nudelc add recognizing substance with the double stranded nudelc add In order to detect a physical 
change generated by the bound double stranded nudelc add recognizing substance. 

19t, A device according to dalm 18, further comprising a dlssodatkm means (1 1) to dissociate the double stran- 
ded nudelc add formed on the surface of the gene sensor (5) Into the nudelc add probe Immobilized on 
the surface of the gene sensor (5) and the single stranded gene sample and to remove the gene sample, 
whereby regenerating the gene sensor (5). 
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